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NOTE 

In planning this helpful series of Educators, it has been the 
aim of the author and publishers to present step by step a 
logical plan of study in General Engineering Practice, taking 
the middle ground in making the information readily available and 
showing by text, illustration, question and answer, and calcula- 
tion, the theories, fundamentals and modem applications, includ- 
ing construction in an interesting and easiiy understandabie 

form. 

Where the question and answer form is used, the plan has 
been to give shorty simple and direct answers, limited to one 
paragraph, thus simplifying the more complex matter. 

In order to have adequate space for the presentation of the 
important matter and not to divert the attention of the reader, 
descriptions of machines have been excluded from the main 
text, being printed in smaller type under the illustrations. 

Leonardo Da Vinci once said: 

"Those who give themselves to ready and rapid practice 
before they have learned the theory, resemble sailors who go 
to sea in a vessel without a rudder" 

— in other words, "a little knowledge is a dangerous thing.** 
Accordingly the author has endeavored to give as much infor- 
mation as possible in the space allotted to each subject. 

The author is indebted to the various manufacturers for 
their co-operation in furnishing cuts and information relat- 
ing to th^r products. 

These books will speak for themselves and will find their 
place in the great field of Engineering. 
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CHAPTER 1 
BASIC PRINCIPLES 



The Medium. — In the operation of a steam engine, steam 
is the medium or working substance by which some of the heat 
energy, liberated from the fuel by combustion, is transmitted to the 
engine, and partly converted by the latter into mechanical work. 

The behavior of this meditim tinder various conditions should 
therefore be thoroughly understood by the engineer. Accord- 
ingly* water, from which it is formed by the application of heat, 
should be first considered. 

Water. — ^This remarkable substance is a compound of hydrogen 
and oxygen in the proportion of 2 parts by weight of hydrogen to 
16 parts by weight of oxygen. 

Since the atom of oxygen is believed to weigh 16 times as much as the 
atom. of hyiogen, the molecule of water is said to contain 2 atoms of 
hydrogen and 1 atom of oxygen, being represented by the formula HjO. 

Under the influence of temperature and pressure this substance HjO 
may exist as 

1. A solid; 

2. A liquid, ^r 

3. A gas. 

As a solid it is called ice*\ as a liquid, watery and as a gas, steam. 



•NOTE.— One cu. ft. of ice at 32* Fahr.. weighs 57.5 lbs.; one lb. of ice at 32' P. has a 
volume of .0174 cu. ft., or 30.067 cu. ins. The relative volume of ice to water at 32** P., is 
1.0865, the eiraansion in passing into the solid state being 8^55%. Specific gn^avity of ice ».922, 
water at 62» P. bring 1.— Cter*. 
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Ques. What is the most remarkable characteristic 
of water? 

Ans. Water at its maximum density (39.1 degrees F.) will 
expand as heat is added, and it will also expand slightly as the 
temperature falls from this point, as illustrated in figs, 1 to 3. 

Ques. What Is the freezing and boiling points of water 
at atmospheric pressure at the sea level? 



PiGC I to 3 — The mott nmadobU chancteristic ot tntar: b^oiukw bdaw and ahw itt 
Umftnlina'"peHUtfmaaliiimma4iiiitr"S«.l'Palr. InugiiiaaDapoiiDdof ntcratSQ.l'P. 
pbecainacTliiidetlwviiHacranMctkniBl smof I u.in. uinfia. 1. Hie mter havins * 
vcfani«ot27.6Scu.uu.,innfiIltliacvlindertoaheUitatS7.e8itu. It the lunid b« C0c& 
It win eipand, and at nr tbeJhnMf AoM S2* P., w^riM in the tube to a boifit of S7.T Iw., 
■1 in fie. 3. before tnaaloc. Anin, if the Uqutd in flg. I be heated, it wDl abo expand and 
IBB in Uie tube, and at eay the M<liiu poM nor atrnDuluiic pnanue 313* P.). wiU occnpr 
the tobe to a bnght (]f 38.88 cu. Ina, Bi in te. 3. 

Ans. It will freeze at 32° Fahr., and hoU at 212°, when the 
barometer reads 29.921 inches.* 
Ques. Is the bolUi^ point the same In all places? 

Ans. No. 

It an alti- 

*NOTE — S9.S31 iachet of mercury - standaid atmoaphere- M.OM Ibt. per iq. inch. — 
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Ques. How does pressure affect the boilii^ point of 
water? 

Ans. An increase of pressure will elevate the boiling point. 



FlG.4.— TtieinibaB. Let AB Cbcabnt ayphon.or tnbe, atwbich tluiegA B. 



„ ..atai. If theiurfatBof thow«tmb*PG,thelegQfth«iT 

ba filled with mter u hieh M thg uirfue. that is, up to H, tt '• 

, 1..1I _i _:_ ¥1 .1 .1 ;- 1. J a 1 [ion fluourfl tl 



full of air. If. then Che air be drawn oS by cuction HuoaOi the apntun C. tbe 



^. D willfoUon. Andif the aperture C, be level with the airface 

tTphod, though full, will not diachuitfl the water, but will remain full: ao that, although it 



eouilihriunirlika thebeajn8c^abu1aiif«, theportbaH B. being raised on high. 



will mnuuo in equilibi ... t, „ . . 

and thepoTtioo B C, __,__ „.,_. , , 

aufaceFG.asatK, the water flowa out, fur the liquid in KB. bcuig . , 

and draws toward it the liquid B H. The ducharge, however, continues only until the 
•uifaca of the water ii on a level with the mouth K. when, for the aame reason oa before, 
the effiui ceaaet. But if the outermouth of the tube be lower than K, as at L, the disduige 
— ^- '" '""" iurfacerf the water reoobes tbe mouth A. 



Ques. What Is the weight of a cubic foot of water at 
maximum density? 

Ans. It is generally taken at the figure given by Rankine, 
62.425 lbs.* 

•NOTE.— Some authorities give as low oa 82.379. The figure 82.5 commonly given ia 
BppTOumate. The highest authoritative figure ia Q2.42S, At 02* Pahr., the figures range 
trom 62.291 to 62.36. The figure 02.355 is gtntraUy acctpUd as Uu moil accamU. ihooA tot 
ndiniir]' cakulationi, the figiue 62.4 ia generally token, this cnrresponding to the wei^t at 
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Ques. What is the we^t of one U. S. gallon of irater? 

Ans. One U. S. gallon (231 cu. ins.) of water weighs 8>^ 
lbs. 

The figures'^ is correct when the water is at a temperature of 65° Fahr. 



ion a most of liftad is IroHt- 

•te OH oil t^iuU sitrfacett Wtd 

tsat\ coRiposel of ttni cylin- 

, , , ___ _„_ The bottom of the -naael 

lower ^rt; and it woula at fSnt eight seem t^t the Bcale MtJ, of the balance in vhich^ie 
Tessd CD. U placed, ought to ahow the aaine veight as if there had been placed initAcylin- 



dikal vesKl havif 



> ahow the same veight as if there had been placed initacyun- 
neight of irater. and having the diunetei of the part D. But 
T^aiv cKtrMHi uu xiiK bottom of the ves&el is not all trarLSmitted to the scale MN; 
upward presauje upon the surface h o, of the vesael is precise]:^ equal to the weight 
extra quantity of water which a cylindrical vessel would ccittain, and balances ao 



is simply equal to the weight ol 



nm. Consequently the prcasure on the plaloMN, 
-' '"" -nd of the — '-■-'■ -- — -"-- 



Ques. How does the pressure of water due to its weight, 
vary? 

Ans, It varies with the head, and is equal to .43302 lbs. 
per sq. in. for every foot of (static) head. 

NOTE.— CompreuJbflHp of uHirer.— Water is very slightly compressible. Its compi». 
■ibihtv is from .00004 to .OflOO.'il for one atmosi^Te, decrea^ns with Uiciease of temperature. 
rill be diminished in volume .0000015 to .0000013. 
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Heat. — By definition heat is a form of energy knmvn by its 
effects. 

These effects are indicated through the touch and feeling, as well as by 
the expansion, fusion, combustion or evaporation of the nmtter upon nhich 

Oues. What is temperature? 

Ans. That which indicates how hot or cold a substance is; 
a measure of sensible heat. 



7iG. e.— Method ol judging the heat of a soldeiing bit or so called "inra," iUuatrBtiag*Eiu'bI* 

Ques. What is sensible heat? 

Ans. That heat which produces a rise of temperature as dis- 
tinguished from latent heat. 

Ques. What is latent heat? 

Ans. The quantity of heat required to change the state or 
condition under which a substance exists without changing its 
temperature. 
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Ques. What is specific lieat? 

Ans. The ratio of the quantity of heat required to raise the 
temperature of a given weight of any substance one d^ree to 
the quantity of heat required to raise the temperature of tiie 
same weight of water from 62° to 63° Fahr. 



In fig. 7, the wati 




rn Iki flami. InS^. 8, the flanu 
Burrounding water, ajid hence ri 



the wire gauEe. because the latter conducta the heat ai 
the eaa on the other a 



le flame becomes heated and expanded- 

ng water, and hen— - — *- "-- ■— —'-■"' 

n the sides &cms to the t 



Ques. &(plain tlie term "transfer of lieat." 

Ans, When bodies of unequal temperatures are placed near 
each other, heat leaves the hot body and is absorbed by the colder 
body until the temperature of each is equal. 

The rate by which the heat is absorbed by the colder body is proportional 
to the difference ot temperature between the two bodies. The greater the 
difference of temperature, the greater the rate of flow of the heat 
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Ques. How does a transfer of heat take place? 

Ans. By radiation, conduction or convection. 

Thus, in a boiler, heat is given off from the furnace fire in rays which 
radiate in straight lines in all directions being tran^erred to the crown and 
sides of the furnace by radiation; it passes through the plates by con- 
duction, and is transfenred to the water by convection, that is, by currents. 




Fig. 10.— Diagram showing principle and construction of the Whitney hot wire instruments 
fllustrating exjHinaion by the action of heat. The action of instruments of this type 
dei>ends on the heating of a wire by the passage of a current causing the wire to lengthen . 
Hus elongation is magnified by smtable mechanism and transmitted to the pointer of the 
instrument. 



Ques. What is an important effect of heat? 

Ans. Bodies expand by the action of heat. For instance, 
boiler plates are riveted with red hot rivets in an expanded 
state; on cooling the rivets contract and draw the plates to- 
gether with great force making a tight joint. 

An exception to the nile, it should be noted, is water, which contracts 
as it is heated from the freezing point 32° Fahr., to the jwint of maximum 
density 39.1^; at other temperatures it expands. 
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Heat and Work. — ^Heat develops mechanical Jorce, and 
motion, hence it is convertible into mechanical work. 

Ques. How can heat be measured? 

Ans. By a standard unit called the British unit of heat, 
or British thermal unit {B.t.u.) . 

Ques. What is the British thermal unit? 

Ans. The heat required to raise one pound of water from 
62° to 63° Fahr. (Peabody). 



Pics. 1 1 ud 12. — EiperimeDt iUtutntine the Britiah tharmal unit. Place oiu poiuid of mter 
>t 32° Ptia. into n bttiat over a Bunien buner ai in fig. 11 Biiuming no lou of h«*t (irom 
tile water. It prill, accordinff to the definition, require ISO heat units to heat the water fir>m 
32* to 213* Pahr. Now, if the transfer o( heat take place at a unifoim iBte and it Rquirt. 
say five minutea to heat the water to 212°, then one beat unit will be tranateired to tha 
water in (5 XeO)+180 -2 Meconds. 

Ques. What is the mean British thermal unit? 

Ans. ^ 180 part aj die heat required to raise the temperature of 
one pound o{ water from 32° to 212° Fahr.* f 



d«iirity (38.1" P.) wM the atiodard ti 

tNOTE.— By Peabody's definition, tbe beat r 
SIS' u IB0.3 instead of 180 Dnit«, and the Utent b> 
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It should be noted that this is the definitioxi adopted in this work for the 
British thermal unit (B. t. u.)t corresponding to the unit used in the Marks 
and Davis steam tables, whidi is now the recognized standard. 

Ques. What is work? 

Ans. The overcoming of resistance through a certain distance 
by the expenditure of ener^. 

Ques. How can work be measured ? 

Ans. By a standard unit called the foot found. 




Fig. 13. — ^Experiment showing relation between heat and work. Take a brass tube A B, at* 
tached to a spindle geared to rotate rapidly and partly fill the tube with water and insert a 
cork. Apply a friction clamp D, and rapidly rotate the tube by turning the wheel C. The 
energy expended in overcomincr the friction due to the clamp and rotating the tube causes 
the water to heat and finally boil; if continued long enough, the pressure generated will ezpd 
the coric. During the operation work Has been transformed tnto heat. 



Ques. What is a foot pound? 

Ans. It is the amount of work done in raising one pound one 
foot, or in overcoming a pressure of one pound through a distance 
of one foot. 

Thus, if a 5 pound weight be raised 10 feet, the work done is 5X10=60 
foot pounds. 
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Ques. What is the relation between the unit of heat 
and the unit of work? 

Ans. It was shown by experiments made by Joule (1843-50) 
that 1 unit of heat=772 units of work. This is known as the 
"mechanical equivalent of heat" or Joule's equivalent. 

More recent exf>eriments by Prof. Rowland (1880) and others give 
h^er figures; 778 is generally accepted, but 777.5 is probably more nearly 
correct, the value 777.52 being used by Marks and Davis in their steam tables. 

The value 778 is Bufficiently accurate for ordinary calculations. 



Dr. Joule of Manchester. England. 

... itbefigura.ftpaddlewMmadEtorevoWe with aa little friction aapossible 

actuated by a known weight falling through a known distance. A paundfalling Ihrimgh a 

t^mmwter was placed in the water, and the lempsrature noted!^fTia padd"^a?n«de 

to revolve by the Talli ■ . . ™ ~ ... 

the pound of water, tl; 
between heat and mec 

equivalent. More ret ^ „ _ .^ , 

usedbulsccordine to Kent V77.63 is probably more nearly correct. Marks and T>avis in 

Joule's Experiment. — In fig. 14, a weight W is attached to 
a cord which passes over a pulley R, and is wound around a 
revolving drum B. Attached to the dram is a spindle having 
fastened at its lower end vanes or paddles P P made of thin 
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pieces of sheet metal. These paddles are immersed in a vessel 
V, containing a definite quantity of water. 

In operation, as the weight W, falls, the paddles rotate in the water, the 
water itself being kept from rotating by nxed pieces not shown. It was 
discovered that the work done by the weight in descending, was not 
lost but am>eared as heat in the water, the agitation of the paddles having 
increased the temperature of the water by an amotmt which can be meas- 
ured by a thermometer. 
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Figs. 1 5 ftnd 16. — ^Potential, and kinetic eneiiKy* In fiff. 15, the water stored in the elevated tank 
possesses energy by virttie of its position; being higher than the water wheel, the water 
will flow by gravity through the pii)e and do work on the wheel. Thus, the potential energy 
of the water at rest in the tank, is, when it flows through the pipe converted into kinetic 
energy which is si>ent on the wheel. Fig 16 represents a railway car with axle lighting system. 
If the car be set in motion and then no further power be applied its momentum or kinetic 
energy will drive the dynamo which in turn will charge the storage battery, and acting like 
a brake will gradually bring the car to rest. During this operation, the kinetic eneigy, 
originally possessed by the moving car, is absorbed by the dynamo (neglecting friction) 
and delivered to the battery as electrical energy which may be used in lighting the car. 

By numerous experiments, Joule determined with the utmost care that 
one pound of water was increased in temperature one degree by the work 
done on it during the descent of 772 jwunds through one foot. 

This value, as before mentioned, is too small for ordinary calculation, 
the value 778, the generally accepted standard, should be used; the value 
777.52 is probably more nearly correct. 



£ner^« — By definition, energy is stored work, that is, the 
ability to do work, or in other words, to move against resistance. 
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A body may possess energy whether it do any work or not, but no work 
is ever done except by the expenditure of energy. There are two kinds of 
energy: 

1. Potential energy; 

2. Kinetic energy. 

Potential energy is energy due to position^ as represented, for instance, 
by a body of water stored in an elevated reservoir, capable of doing work 
by means of a water wheel. 

Kinetic energy is energy due to momentum^ that is to say, the energy of 
a moving body. 

Conservation of Enei^. — ^The doctrine of physics, that 
energy can be transmitted from one body to another or trans- 
formed in its manifestations, but may neither be created nor 
destroyed. 

Energy may be dissipated, that is, converted into a form from which it 
cannot be recovered, as is the case with the creat percentage of heat 
escaping with the exhaust of a locomotive, or tne condensing water of a 
steamship, but the total amount of energy in the universe, it is argued, 
remains constant and invariable. 

Thus, in Joule's experiment, fig. 14, the potential energy of the weights 
is not lost, but is transformed into heat, which is one form of energy. 
The apparatus possesses the same amount of energy at the end as at the 
b^;inning of the experiment, but the distribution of the energy has been 
changed, that is the potential energy given up by the weight has been 
transformed into heat, raising the temperature of the water. 

Power. — By definition, power is the rate at which work is 
done; in other words, it is work divided by the time in which 
it is done. 

The unit of power in general use is the horse power* which 
is defined as 33,000 foot pounds per minute. 

That is, one horse power* is required to raise a weight of 

33,000 poimds 1 foot in one minute 

3,300 pounds 10 feet in one minute 

33 poimds 1,000 feet in one minute 

3.3 pounds 10,000 feet in one minute 

1 pound 33,000 feet in one minute 

etc. 



•NOTE. — ^The term "horse i>ower" is due to James Watt, who figured it to lepresent the 
power of a strong London draught horse to do work during a short interval, and used it as a 
power rating for his engines 
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Pressure. — According to 

Rankine, the term pressure, in 
the popular sense, which is also 
the s«ise generally employed in 
applied mechanics, is used to 
denote a force, of the nature of a 
ihrttst, distributed over a surface; 
in other words, the kind of 
force with which a body tends 
to expand, or resists an effort to 
compress it. 

In the definition itshouldbecare' 
fiUly not«d that the pressure is con- 
^dered as distributed tmer a surface. 

The pressure distributed over a 
surface is usually stated in tenns of 
the pressure distributed over a unit 
area of the surface, as pounds per 
square itick, meaning that a press~ 
ure of a given number of pounds is 
distributed over each square inch of 
surface. This should bevery clearly 
understood by the engineer, as fur- 
ther explained in figs. 18 and 19. 
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Ques. What is atmospheric pressure? 

Ans. It is the force exerted by the weight of the ataiosphere 
on every point with which it is in contact. 
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Ones. Why do we not feel this pressure? 
Ans. Because air presses the body both externally and 
internally so that the presstires in different directions balance. 
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Ques. Does -the pressure of 
the atmosphere remain consent 
in any one place i 

Ans. No. It continually varies 
depending on the conditions of the 
weather. 

Queft. Is the pressure of the 
atmospho^ the same in different 
places? 

Ans. It varies with the elevation. 
The pressure decreases approximately 
one-half pound tor every 1,000 feet 
of ascent, i 

Ques. How to the pressure of 
the atmosphere measured? 

Ans. By an instrument called the 
barometer. 

Ques. Ejqilain th4» iHinciple of 

Pig. ao.— The barometer, an initiu- the barOmetCT. 

d^'i^^^^it^^ Ans. A glass tube 33 to 34 inches 

SrfSEii^^i^rcSj^u" long is sealed at one end and filled 

St^SS'iJS^d^lS^ with pure mercury, then inverted in 

the pronre iTThe atm«i5™. ^ ^^^ ^^ ^f niercuTy as shown in 

fig. 20. The mercmy will fall in the 

tube until its height above the mercury in the cup is about 30 

inches. It remains suspended at this height because the 

weight of a column of mercury 30 inches high is the same 

as the weight of a like column of air about 50 miles high. 
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Pressure Scales. — The tenn vacuum is a mudi abused word; 
strictly speaking it is defined as o space devoid of matter. This 
is equivalent to sayii^ a space in which the pressttre is zero. 




Figs. 21 and 22. Bent tubs and diaphnvm of comigatcd metal aa med m tws typea of 
mam taagt- 1° tlia ™e t\ua, ths pnsnirB of tUe iteam act* ufxin diaphiasnia oi plaica 
of loinc kmd. iliawn in 6a. 21, which npnaeaU a. SMtiaa of ■ pair of metal plates, A A, 
of tliia Idnd. Hmm an made vith ciiculaT comigationi. ai ahowa in aecbon and alio by the 
dudins. Tlie ataam eaten bjr the pnw e, and fills the chamber betireen the metal plates 
or diapnnsms. The cmrugation* oT the latter give tbetn lufficient' eUsticit)'. »o that when 
the iii e rtur e is exerted between them ther wm be pnised apart by the steam. If thQt wera 
flat, it is plain that they would not yield, or only to a very al^t decree, to ths pressure of 
the steam. In theotherclassotsao^. the steam acta upon a bent metal tube of a^natlened 
ai elliptical section, such as shown m fig. 32. The preMnre has a tendency tD< straighten 
this tube, and this stiaiitfiteiiing tsndency b directly proportioned to the piessiire; the free 
end of this tube is connected through smtable gearing to the pojntei or hand. 



The word vacuum has come, by ill usage to-mean an;pi£j>ac«iM 
which the pressure is less than that of the atmosphere.^taxiA'.ao' 
Gordingly, it is necessary to accept the la9;tet definition!' 
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This gives rise to two scales of pressure: 



1. Gauge pressure; 

2. Absolute pressure. 



?IC. 23. — Blemmtaiy baHw 
or closed veaeel Hhutistiiii 



When the hand of a steam gauge 
is at zero, the pressure actually 
existing is 14.73 lbs. (referred to a 
30 inch barometer) or that of the 
atmosphere. The scale in the gauge 
is not marked at this point 14.73 lbs. 
but zero because in the steam boiler 
as well as any other vessel under 
pressure, the important measure- 
ment is the difference of pressure 
between the inside and outside. 
This difference of pressure or effec- 
tive pressure for domg work is called 
the gauge pressure because it is 
measured by the gauge on the boiler. 
The second pressure scale is known 
as nhsoiuU pressure, beoiuse it gives 
the actual pressure above zero, Ta all 
calculations relative to the expansion 
of steam the absolute pressure scale 
must be used. 



Ques. How is gauge pres- 
sure expressed as absolute 
pressure? 



Ans. By adding 14.73, or for ordinary calculations, 14.7 lbs. 
Thus 80 lbs, gauge pressure = 80+14.7=94.7 lbs. absolute pressure. 



Ques. How is absolute pressure expressed as gauge 
pressure. 

Ans. By subtractii^ 14.7. 
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Ques. How are pressures below 
that of the atmosphere usually 
expressed? 

Ans. As pounds per square inch in 
making calculations, or the equivalent 
in "inches of mercury" in practice. 



Thus, in the engine room, the expression 
"28 JncJi vacttum" would signify an absolute 
pressure in the condenser of .946 lb. per sq. in. 
absolute, that is to say, the meniay in a 
mercury column connected to a condenser 
having a 2S inch vacuum, would rise to a 
height of 28 inches, representing the difference 
between the pressure of the atmosphere and 
the pressure in the condenser, or 

14.73 — .M5=- 13.784 lbs. 
referred to a 30 inch barometer. 



Ques. What is the meanit^ of 
the term "referred to a 30 Inch 
barometer?'* 

Ans. It means that the variable 
pressure of the atmosphere is in value 
such that it will cause the mercury in 
the barometer to rise 30 inches. 

Ques. How Is the pressure in 
pounds per square inch obtained 
from the barometer reading? 

Ans. Barometer reading in inchesX 
.49116 ^presstu-e per sq. inch. 
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Thtis, a 30 inch barometer reading signifies a pressure of 

.49116 X30 = 14.74 lbs. per sq. in. 

The following table gives the pressure of the atmosphere in pounds per 
square inch for various readings of the barometer. 

Pressure of the atmosphere per square inch for various readings of 

the barometer: 

Rule. — Barometer in inches of mercury XA911Q»lbs. per sq, in. 



Barometer 


Pressure 


Barometer 


Pressure 


(ins. of mercury) 


per sq. ins., lbs. 


(ins. of mercury) 


per sq. ins., lbs. 


28.00 


13.75 


29.921 


14.6% 


28.25 


13.88 


30.00 


14.74 


28.50 


14.00 


30.25 


14.86 


28.75 


14.12 


30.50 


14.98 


29.00 


14.24 


30.75 


15.10 


29.25 


14.37 


31.00 


15.23 


29.50 


14.49 






29.75 


14.61 







The above table is based on the standard atmosphere, which by defin- 
ition =29.921 ins. of mercury = 14.696 lbs. per sq. in., that is 1 in. of 
mercury = 14.696 -^29.921 = .49116 lbs. per sq. in. 

Temperature Scales. — ^Temperature is a measure of sensible 
heaty that is, the temperature of a substance indicates how hot 
or cold it is. 



The instrument for measuring temperature is the well known ther- 
mometer. Briefly, it consists of a hollow stem or tube of glass with an 
enlargement or bulb at the foot filled with mercury which expands into 
the tube. The stem being uniform in bore, and the apparent expansion of 
mercury in the tube being equal for equal increments of temperature, it 
follows that if the scale be graduated with equal intervals, these will indicate 
equal increments or "degrees" of temperature. 

There are three kinds of thermometer scales in general use: 

1. Fahrenheit; 

2. Centigrade; 
B. Reatunur. 
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The relation between these scales is shown in figs. 25 to 27. 

The Fahrenheit scale is generally used in English speaking cotmtries, 
the freezing point is 32**, and boiling point, 212**. 

The Centigrade scale is used in France. The freezing point is 0**, and 
boiling point, 100®. 

The Reaumur scale is used in Russia, Sweden, Turkey and Egypt. 
The freezing point is zero and boiling point 80®. 

Fahrenheit is converted into Reaumur by deducting 32* and taking 
four-ninths of the remainder, and Reaumur into Fahrenheit by multi* 
plying by nine-fovirths, and adding 32® to the product. 



BOIUNG P0lt4T 
OF WATER 




FREEZING POINT 
OF WATER 



Pigs. 25 to 27. — Various thermometer scales. Fig 25. Centigrade; fig. 26, Fahrenheit; figr. 
27, Reaumur. From the fi^re the scales may be clearly compared, and degr^tes converted 
from one scale to another without calculation. 



Centigrade temperatures are converted into Fahrenheit temperatures 
by multiplying the former by 9, dividing by 5, and adding 32® to the 
quotient; and conversely, Fahrenheit temperatures are converted into 
Centigrade by deducting 32® and taking 5-9ths of the remainder. 

Reaumur degrees are multiplied by five-fourths to convert them into the 
equivalent Centigrade degrees; conversely, four-fifths of the number of 
Centigrade degrees give their equivalent in Reaumur degrees. 
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Steam. — ^It has been stated that steam is the medium or 

working substance by which some of the heat energy ^ liberated 
from the fuel by combustion is transmitted to the engine and 
partly converted into mechanical work, 
D 

Owing to the pectiliarities of steam, 

g it is important that engine operators 
shotdd know its exact nature 
or behavior under different 
conditions. 



FAHP.2I2 
ABS. 673' 




493*45a6* 



Fig. 28. — Graphical method of determining the absolute zero. It is found by experiment that 
when air is heated or cooled under constant pressure, its vohune increases or decreases in 
such a way that if the volume of the gas at freectng point of water be 1 cu. ft. , then its volume 
when heated to the boiling point of water, will have expanded to 1.3654 cu. ft. Or, inversely, 
if the volume remain constant, and the pressure exerted by the gas at freezing point » 1 
atmosphere, then the pressure at boAing i)oint of water » 1.3654 atmospheres. Tiiese results 
may be set out in the form of a diagram, as here shown. In conatntction, draw a vertical 
line to represent temperatures to any scale, and mark on it points representing the freezing 
point and boiling i)omt of water, marked 32^ and 212^ respectively. Prom 32^ set out, at 
right angles to the line <^ temperature, a line of pressure AB >• 1 atmosphere to any scale, 
and at 212^ a line CD « 1.3CM atmospheres to the same scale. Join the extremities DB, 
of these lines to intersect the line of temperatures. It is assumed by physicists that, since 
the pressures vary regularly per degree of change of temperature between certain limits 
within the range of experiment, they vai^ also at the same rate beyond that range,^ and, 
therefore, that the point of intersection of the straight line DB, produced gives the point at 
which the pressure is reduced to zero, this i)oint being known as the absolute zero. 

NOTE. — Abaolutm temperature. — ^This is defined as the actual temperature of anything 
reckoned from absoluU zero. It is taken as the temperature indicated by the thermometer or 
similar instrument, to which is added 273.1^ ceniigrrade or 450.6** Fahrenheit, the difference 
between absolute zero and the zeros of the respective thermometric scales, which are arbi- 
trarily fixed. 

NOTE. — Absolute zero. — ^In physics, temperature or the heat which it represents is 
regarded as a manifestation of molecular activity in any substance, the higher the tempera- 
ture, the greater the motion or vibration among the molecules of which every solid, liqmd or 
gaseous body is comx>o«ed. Experiments have demonstrated that a gas expands when at the 

freezing ix>int and under constant pressure about ^r-s of its volume for each increase of 1* 

Fahr. in pressure. This tends to show, that at some point about 491.6* — 32* or 459.6® below 
zero or FaJirenheit's scale, the volume of the gas wpula have become zero or it would have lost 
all the molecular vibration which manifests itself as heat. The temperature of this absolute 
zero Point, from which all temperatures of gases are reckoned, is estimated at — 273.1** C. or 
— 459.6* F. The lowest temi)eratures yet obtained by anyone are those at which hydrogen 
liquifies, — 423** F., and its freezing point, 430.6* F. 
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Ques. What U steam? 

Ans. Steam is the vapor of water. 

It is a colorless, erpansive, imisibU fluid. The white cloud seen issuing 
from an exhaust pipe, and usually called steam, is not steam but in reality 
a fog of minute hquid particles produced by condensation. 



Fio. at—Tbe various «Ul«a of stenin u exscp&fied in the operation of a safety valve. By 
doaelr obiervina a safety vrive when blowing o2, as for initance the safety valve oo a loco- 
motive, or better the saiety valve on » manne boiler, fumiihing superheated steam, very 

invisible b^em^ at this point superheated- At B, Uie outlme of the ascending column is seen, 
the interior being invisible and padnally becoiiiing "foggy" and as tte vapor ascends 
from B to D, denoting the gradusl reduction in temperBture, the steam becoming saturated 
and mperbeated or wet, reaching the white state at D. where it is popularly and ermneonsly 
known as "steam." iSfeam it incUlblm. The reason ^e so called wet steam can be seen is 
because wet Bteam is a mechanical mixture made up of saturated steam which is invisible, 
and which holds in suspension a multiplicity of line water globules formed by condensation^ 
it is the collection of water elobules or condfmatt that is visible, 

Ques. How is steam classified according to its quality? 

Ans. As wet, dry, saturaUd, superheated, or gaseous. 
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~ ,^« .». .^....^ -H..-^^ «^ »^ .-^TT^. .,wAt« which ffndiuHy be- 

GonKii uiuHu » the boiling pcrint. Thii u follamd by the larmatian of globulM i^ stwn 
on tba bMting mrfMa indiatmc that particln ol the water have received a tatifly of heat 
emul to tlw loinble ftnd Utmtluat ot neam Bt the pressure existing at the bottom id ths 
venel. tliiu a tkaut* of jloM hu taken place, and thia may be called iniiial rapariuuioM 
tM distiiwHiiShed frecn Tapoiixation or the completion of the process. An more heat is added, 
iDon ofua water adjacent to the globules ii converted into twam which chuks xhe globules 
to incmse in aiis until their buoyancir become* tuffident to overcome the tension with the 
faeatiiiB surface and itdUal diiattafmtitl talcei place. Following the course of a globule dis- 
engaging from the central and hottcat portion td the heating surface, it rapidly rises to the 
sBTface, and expands aa it rise* because the pressure gradually decressea due to diminishing 
head of water. OnRachingthei(ufli(iitte(iiirf<u(,a bubble is formed which at once bunts 
aa the water cloaes m behind the stewn contained in the bubble, thus completing the process 
of vapotiaation of the original particlea of water; that is to say. a cJkaate of ilaU has token 
place and the itaam haa been djiengaged from the water. 

NOl'fij-lt sboald be noted io the above illustiaUon that all of the steam gtobulea formed 
on the heating surface do not reach the surface, aa for uutaTuv. thrt trlnTMiU A. fmn^ iwAr t-h^ 

peaaing the portion A3, it may be deflected over toward tb 
cold water as indicated by the arrow, giving up its heat to t 
laUiM and the gradual collapae of the globule as indicatei 
the presfore at the bottom of the vosel or heating surface 
the disengaging surface, the temperature at which initial 
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Wet steam coatains intermingled moisture, mist or spray, and has the 
same temperature as dry saturated steam of the same pressura. 

Dry sleam contains no moisture; it may be either saturated or super- 



Saturated steam is steam of a temperature due to 
'Superheated steam is steam having a temperature abate that due fa 
pressure. 

S»-*J--,':^ VsoLID Aj., /^ !*,-_, 



Fic. 31. — The tfaiee ttatci: SuUd. liquid and gu. The caln of u 
Xhti solid BtACC, If the temperature oC the aurroundins air bv uuuvu uio LrcEwu^ uvu» 
(32'Fahi.) UutctwIU tradHnaymiU.iiiaX is to wv, change Itt nt^xa from solid lo lifuU 
OuB piDcess being Imown aa fiuiim. If sufficient heat be tranafored to the liquid, it will. 
bait, that ia to uy, chanfte Iti atata ^Vom iHruui Iotas, this procHa being known aivapori- 
~« — V — ._. ,1 -^^ — mena take place durine these changes, irtiich are ei- 

Ques. Under what conditions does steam exist? 

Ans. When there is the proper relation between the 

'NOTE. — A teim sometiines, tkough ill sdviaedly, used for highly superheated si 

gaseous steam or steam gas. The saving in the watc ■"■ * " "' ' *-^"- 

•uperheating the steam ia a little over one per cent fi 
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temperatttre of the water and the external pressure. Fca: 
instance, for a given temperature of the water there is a certain 
external pressure above which steam will not form. 

Ques. How is steam produced ? 

Ans. By heating water tmtil it reaches the boiling point. 




Fig. 82. — The fusion of ice, illttstrftting the woork done when ih$ Pound of ice at 32* Pahr. 
is meUed or converted into water at the same temperature. The latent heat of fusion being 
143.67 heat units, and since one heat unit is equivalent to 778 ft. 11^. the work done during 
the fusion of one pound of ice is 778X143.57 » 111,698 ft. lbs. This is approximately 
equivalent to the work done when a hoisting engine hoists 2,000 lbs. a distance of 55.8 ft. 
as shown in the illustration. 



be< 



What an Ei^ineer should know about Steam. — ^As has 

een stated, the medium which transmits heat energy to the 
engine to be transformed into mechanical work is a very re- 
markable substance; it disobeys the general law of expansion 
by heating, and, can exist in three diflEerent states, that is, as 

1. A solid (ice); 

2. A liquid (water), or 

3. A gas (steam). 
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depending upon conditions of pressure and temperature. These 
changes are shown in the accompanying series of diagrams, 
(figs. 33 to 38), which represent the several stages in transforming 
a pound of ice at 32® Fahr. into saturated steam at 212°, the 
temperature corresponding to atmospheric pressure. The 
engineer should make a careful study of these diagrams and the 
matter following to properly understand the nature of the medium 
he has to deal with in the operation of an engine. 



NON-CONDUCTING VESSEL 



5 LBS OF WATER 
AT 32* 



I LB. OF ICE 
AT 32* FAHR 





& 



Z LB5. OF WATER 
AT 88* 

Figs. 39 to 41. — Experiment illustrating the UOenf heat of fusion. It requires *144 heat units 
to "melt" a pound of ice at 32* Fahr., that is, to convert it into water of the same temperature. 
Accordingly, if a pound of ice (fig. 39) be placed in a non-conducting vessel with two pounds 
of water at 88* Fahr., it will be found that when all of the ice has been melted by the 
transfer of heat from the water to the ice the temperature of the mixture (fig. 41) of melted 
ice and the water wUl be the same as the original temperature of the ice, 32*. The reaeon for 
this is because the total heat above 32* in the water at 88* was the same as the latent 
heat of the ice, or 144 heat units, that is to say, the total heat above 32* in the water was 
(88 X 2) — 32 -• 144 heat units, tt ehould be underetood that the term non-con- 
ducting vessel implies one in which allows no heat to pass through its sides. Such a vessel 
is not possible to construct , but by covering an ordinary vessel all over with a thick layer of 
asbestos very little heat will be lost. 

It will be noted from the diagrams that the stages into which 
the process of transforming ice into steam by heating are 

1. Fusion of the ice (at 32^ P.); 

2. Contraction of the water (between 32® and 39.1°); 

3. Expansion of the water (between 39.1° and 212°); 

*N0TE. — ^According to the U. S. Bureau of Standards, 1915, the latent heat of fusion of 
ioe it 148.57 B. t. u., however for ordinary calculations the vsdue 144 is conveniently used. 



28 



BASIC PRINCIPLES 



4. Vaporization, or formation of steam at 212®. 

During the process two changes of state have occurred: 

1. Solid to liquid (ice to water) at freezing point 32® Fahr.; 

2. Liquid to gas (water to steam) at boiling point 212® Fahr. 

To effect these two changes of state, a considerable amount of work is 
done, especially in the case of the second change from liquid to gas, the 
amounts required being 





Pigs. 42 to 44. — ^The bursting of pipes during freezing weather, illustrating the effect of pressure 
upon the freezing point. In draining pipes exix>sed to prevent freezing, care should be taken 
to remove all the water out of any water pockets that may exist, such as shown in fig. 42. 
The bursting of a pipe due to water in a pocket is illustrated in ^ffs. 43 and 44, which show 
fig. 42 in section. Assuming the pocket to be full of water in freezing weather, it sometimes 
happens that the water at A and B, will freeze before it does at C, thus forming two slugs of 
ice enclosing the water C. When C, freezes, there being no room for expansion, the pipe 
bursts as indicated at D. The popular impression that pipes will burst at or very httle 
below 32* Pahr., is erroneous. In fact the enormous pressure required to burst so called 
wrought iron pipe is not generally known, nor the effect of the pressure on the freezing point. 
For instance, the average bursting pressure of one-half inch standard pipe is 14,000 lbs., or 
911.5 atmospheres per sq. in. and since the freezing point is lowered .0133* Pahr. for each 
additional atmosphere, the freezing point required to burst one-half inch pipe is 32 — (911.5 X 
.0133) »20'' Pahr.; that is to say, it would require a temperature of 20* to burst a one-hall 
inch pii)e of average strength by freezing. 

1. To melt the ice 143.57 B. t, u. 

■ 

2. To change the water at 212^ Fahr. into steam of the 

same temperature 970.4 B. t. tu 
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It will be noted from these two items that it takes over five times as 
much heat to evaporate water at 212° Fahr. into steam of the same tem- 
perature, as it does to heat the water from the freezii^ point to the boilinK 
pcnot. That is to raLse the temperature of the water from the freezing 
point to the boiling point requires 212 — 32 = 180 B. t. u., and from item 2, 
which represents the latent heal of sleam, 970.4 B. t. u. are required to evap- 
orate the water at 212° into steam of the same temperature. Prom whidi 



^0 



Pigs. 4ti to47.— Bipeiuwnt Dluitntinstbe Ialanth«ato/at*ain or Uu cauidfraUi anumni 
tf ktal vMcA must be aditi ta wolcr dl tht boOiwt foint to camrl U into slum at Iki lame 
ItmfienUuri. In fig. 4S. mppose tbs stma veoel to contun ooa pound of water at 32* Ftbt., 
tmd bcM be tranifeR«d to H, u indicated b; ttie biuuen burner, st auch rate that it* 
tonperature it niud to the boQing point 312' in five minuta. In thia time the water lu> 
received 2t2 — 33-180 boat uniti. Not, if the heat nippt)' be continued at tlia aame rate, 
It vill require (lince the latent heat o[ ateam at atmoapnenc pieanue i* 970.1 heat onitn 
B70.4 +!«> -eiO timet u long, or 5.39 xe -26.96 minute! to oonvert the pound of water at 
312* Of. M) into steam at the aame temperature aa indicated by the empty beaker in fig. 
47. TSatatotag.Ulaktsi»trfitttimiscjmiuklitatloamvtnvaleralil2'iMailiam 
at Ikt lamt ItmftratMrt aa U ioa lo ralst Ike sanu amoiati et viata from flu frtmiiit point 
S3' to 212*. Thia eaperinwnt can be eashr performed with water at ordinary temperatnra 
■ay 60°. In thia caae, if it take ftveminutei taiaiieit»ten»ie(atureto213*,itwouldreqDi» 
»70.4+(312 — e0)-«.38 timei u long or e.3SX5-31.B minutee to evaponta the water 
at 213°. It ia thua leen that ttu latent heat ia the big item in steam malong. In the wd 
known "nafUha Itmmcli" and "alariatar lamKfe." naphtha and alcohol were uHsd respectively 
in the btalsiB in the place of water because of the eicesgive Ulent heat of the latter. This 
with a 0veo beating turfaea or weigiit (an important factor in marine constructioD) more 
power could be developed with the above mentioned liquids than with water, because of 
their relative low latent heat of evaporation. For instance, for alcohol the latent beat is 
364.3 heat miita or only a little over one-third of that of water. Operaton ot alco-vapar 
launclitJ who have tried using water in the boiler can appreciate the considerable difference 
in the resulta obtained. From experinwnta made by the Gas Engine and Power Co., buildera 
of the wipUlHi lianuJits. it was claimed that the power obtained on the brake was in the ratio 
of about G to S f or iteam and twphtba, that is, the tame quanti^ OF beat wai turned into 
iwarly twice at much work by the expanson of naphtha vapor as by the eipanaion ot steam 
tinder the tame conditions. Some <M the resoht obtained during the tests wers: I, with 
ttaam, -mean pmnire 37.90 Ibi., T«jn.. 813.6; I, witb naphthm, mean preMOie WA 
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it requires 970.4 -f- 180 « 5.39 times as much heat to evaporate the water 
as it does to heat the water between the limits given. This relation can be 
approximately determined by the interesting experiment shown in figs. 45 
to 47. The heat which must be supplied during the process of evaporation 
has been expended in two ways. 

1. In overcoming the molecular re^tance of the medium HsO in changing 
its state from a liquid to a gas; 

2. In making room for itself against the pressure of the atmosphere, that 
is, doing external work. These two amounts of heat are called respectively 

1. The internal latent heat; 

2. The external latent heat^ 
both making up the latent heat of steam. 



C^iMk^. 




Pig. 48. — ^The work done in the formation of steam from water at 32* Falir. In converting 
one xxmnd of water at 32** into steam at 212*. 180 heat units are required to raise the tem- 
perature of the water to 212*; 897.51 heat units are absorbed bv the water at 212* before 
a change of state takes place, and 72.89 heat imits are required for the work to be done on 
the atmosphere to make room for the steam. These three items are known respectively as: 

1, the sensible heat; 2. the internal latent heat, and 3, the external latent heat. The 
mechanical equivalent of one heat tmit being 777.52 ft. lbs., the respective amounts of work 
corresponding to the Benaible, internal, and external latent heats are 139,954 ft. lbs., 
697,832 ft. lbs., and 66,674 ft. lbs. To grasp the significance of this, consider a locomotive 
boiler weighing, say 60,000 lbs. being luted by a crane. The work done in lifting the boiler 
is equal to its weight in pounds multiplied by the distance raised in feet. Accordingly, for 
item 1, the work done is equivalent to raising the boiler 139,954 'l*50,000 «-2.8 ft.; for item 

2, equivalent to 697,832 •i-60,000 -13.96 ft., and for item 9, equivalent to 56,674 -»>50,000 - 
1.13 ft. Also the total work done in changing a pound of water at 32^ into steam^at 212^, 
or the sum of the three items is equivalent to raising the boiler 2.8+13.96+1.03 ■■n.S© ft. 
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.The author does not agree with the generally accepted calculation for 
tlie external latent heat, or external work o£ vaporization and holds that 
it is wrong in principle. The common method of calculating this work is 
based on the assumption that the amount of atmosphere displaced per 
pound of steam, is equal to the volume of one pound of saturated steam 
at the pressiu-e imder which it is formed; it is just this point wherein the 
error hes, as will now be shown. The volimie of one pound of water at 
212** atmospheric pressure, is 28.88 cu. ins. Now, if this water be placed 
in a long cylinder, having a cross sectional area of 144 sq. ins. it will occupy 
a depth of .0167 ft. 

K a piston (assumed to have no wieight and to move without friction) be 
placed on top of the water as in stage 4 (fie. 36), and heat applied, vapor- 
ization will begin, and when all the water has been changed mto saturated 
steam, the volume has increased to 26.79 cu. ft., as in stiage 6, (fig. 38), that 
is, the vc^ume of one pound of saturated steam at atmospheric pressiu*e is 
26.79 cu. ft. 

Since the area of the piston is 1 sg. ft., the linear distance from the 
bottom of the cylinder to the piston is 26.79 ft., but the piston has tiot 
moved this distance. The initial position of the piston being .0167-- ft. 
above the bottom of the cylinder, its actual movement is 

26.79 — .0167-26.7733 ft. 

Accordingly, the work done by the steam in moving the piston agaihst 
the pressure of the atmosphere to make room for itseC or *' ' 

external work ^ area piston X pressure of atmosphere X movement of piston 

= 144 sq. ins. X 14.7 lbs. i)er sq. ins. X 26.7733 ft. ^ 
= 66,673.72 ft. lbs. 

The erroneous method of making this calculatipn is to consider the 
movement of the piston ;equal to the distance between the bottom of the 
cylinder and the piston, or 26.79 ft., which would give for the external 
work 

144X14.7X26.79=66,709.07 ft. lbs. 

being in excess of the true amount by 

56,709.07 — 66,673.72 = 35.35 ft. lbs. 
or 

.0167 ft. X 144 sq. ins. X 14.7 =35.35 ft. lbs. 

'Motion is purely a relative matter, and accordingly something must 
be regarded as being stationary as a basis for defining motion; hence the 
question: 

Is the movement of the pistoH in stage 6 (fig. 38) to he referred to a station-' 
ary water level or to a receding water level? 

The author holds that the movenaent of the piston referred to a stationary 
water level giv^ the true displacement of the air and is accordingly the 
proper basis for calculating the external work. It must be evident that 
since the water already existed at the beginning of vaporization, the 
atmosphere was already displaced to the extent of the volume occupied 
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by tlie viaXex, and tJierefore this displacement must not be considered as 

■ ''Mntributing to the external work dcnie by the steam during its formation. 

r:TTie amount o£ error <35.35 ft. lbs.) of the common calculaticm, though V«y 

pTwnll ^ is an appreciaUe amount ; its equivalent in heat units is 

35.35+777.52=.0455 B. t. u. 



The thermal equivalent of the external work is 
56,673.72+777.62-72.89 B. 1. 1 



Condensation of 
Steam. — W^fc«t ihe 

temperature of steam 
becomes less than that 
corresponding to its 
pressure, condensa- 
tion takes place, that 
is, it ceases to exist as 
steam and becomes 
water. 

kbova the atmosplien. If ■ fins B. be TiveMd 



inacyliodertolimitthoniovenieotof apittoaiMting, at the beg „ „ , 

tup of B small quantity of water las indicated by dotted lines K, and heat be applied, the 
piBton (asaumea to have no weight) will rise aa steam is formed at atmospheric presBure until 
It comei in contact with the ruig B. Additional beat wijl cause the pcenure of the itcam 
to increase in a definite rate cone^nnding to the tcmpnature until all tnemter ia evapor&ted. 
the cylindBT being now filled vith latitraied iteaM. The prenon of this taturat«d iteam win 
depeAd on the reiaticm between its vohmae and the volume ot the water from which it was 
eeneiBled. If man heat be now added, the tempeiatare ct the (team will itieram above 
out due to its preaoaie, and the steam becomes tuptrhtattd. Romoving the heat aupiriy, 
the temperature ot the gaa will gradoally diminiih. Bod it loses its lupeTheat and retunia to 
the saturated condition, at whiui point condensation begins, the preamre and te— 

during these cbangee gradually falling. Condensation continuing until all the si „ _^ 

condenaed* the piston letumiiw to its initial position A. If, daring the cooling p ro cess , the 
piston be ustened at the ring B, the pnssun ot the steam will become leu than the atmos- 
pheric pt«ssure outside when the tempeistuie blls below 313* Fahr,, forming a so called 
vacuum. Ihe degree ot vacuum now increases, or in other words, the prsssuie under the 
cylinder or ebsoliitt prtssuri becomes leas and less until, when all the steam ia condensed, 

it becomes appronimately lero. or 14.72 lbs. lower than the pressure of tt- -' ' 

(SHg< prcsiUTt, (assuming the bar ' '- "" ---.---> ■>-. 

above sero because of the small pf 
does not recombioe with it when ifa 
bicaiur of Ms airp ni 
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Thus in fig. 60, if cold water be poured on the inverted fiask, containiiig 
steam and water, the steam will be cooled below its temperature correspond- 
ing to its pressure (as given in the steam table) and some of it wilt condense. 
This will cause a reduction of pressure be«kuse the volume of Gteamis 
greatly diminished after condensation.* On account of the reduction in 
pressure, the water will again boil vigorously until enough steam has been 
formed to increase the pressure to correspond with the boiling point. 



Fig. 50, — Lowering thcboilinc point b/dimioUtaing the premue. Pill a raund bottomed 
with water and boil. After it hu boiled lome time, until the sir hu been diawn out oi 
flask by tiie ateam^ inaert a rubbor Btopper. haviiie fitted to it a connection leading 

M some oad water be poured 
■team will ccmdeT" -»---- ^— 
will Tcwl fi or 10 



the flaalc Bi Bhown. The vacuum gauE? will now read aero. Now. 
'" '* ""' '' " rill fall rapidly and Bomeof the 



. , re and io water will boil u 

The operation loay be repeated aeveral times without n „, - . „- - 

falling eacb time. At the city of Qoito, Ecuador, water boils at IM" Fatar.. and on the t< 
of Mt, Blanc at 183°, Again, in » ateam boiler in which t*- -,.^.^- ..._,._:,■_ 
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A second applicaition of cold water will again cause the water to boil, 
the result being the same so long as the water in the flask is at a higher 
temperature than the water appUed outside. 

The greater the difference in temperature, the more vigorous will the 
water boil. This illustrates an important effect in the belmvior of steam 
in a steam engine, namely, re-evaporation which will be later explained. 

Ques. If a closed flask containing steam and water be 
allowed to stand for a length of time, what happens? 

Ans. The atmosphere being at a lower temperature than 
that inside the flask, will abstract heat from the steam and water, 
but the heat tvill leave the steam quicker than the water. The result 
is a continuous condensation of the steam and re-evaporation 
of the water^ during which process the temperature of the whole 
mass and the boiling point is gradually lowered until the tem- 
perature inside of the flask is the same as that outside. This 
process is accompanied by a gradual decrease in pressure. 

Ques. Why does the pressure fall? 

Ans. Because the temperature falls. 

There is a fixed pressure for each degree of temperature of the water 
as tabulated in the steam tables. 

Ques. Can this pressure be reduced to zero by reducing 
the temperature of the water? 

Ans. It could, if the mass could be cooled to 459.4** below 
zero Fahr.*, but at ordinary temperatures the pressure could 
not be reduced to zero. Water contains a small amoimt of air 
which it gives up when evaporated; this of itself would prevent 
the pressure falling to zero, if all the steam were condensed. 
If the contents of the flask be cooled to 80° there would be 
inside the flask a pressure of one-half pound per square inch, 

•NOTE.— 459.6* below zero Fahr., as previously explained, is a point called the absolute 
zero. A perfect gas contracts in Volume a definite amount for each degree in temperature it 
is cooled. Ilie absolute zero then is the point to which a perfect gas must be cooled to reduce 
its volume to nothing. 
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if the water be cooled to 32°, the pressure would be .089 pounds. 
There is then always some pressure inside the flask, the intensity 
of which depends upon the temperature of the water. 

Quea. How was this principle first made use of? 

Ans. The early engineCTS discovered that by condensation 
the pressure of the atmosphere is made available for doing work. 

Fni. SI. — IJcwcomen'a atmoapheric 

furnace; B, boiler; C. \Sv'e; D, 
cylinder; E.piaton; P, piston nd; 
O. wBlking beam: H. pump rod; 
J, pomp cylinder; K. pump 

M, injeclion vtler pipe; l5^ 
mjection vmlw; O. vater supply- 
cock to seal pitton; P. sir check 
or enifting valve; Q, injection 
water di«charBO pipe; R, hot 

piston was altBChtd by rod' and 
chain to one end of the walking- 
beam, and the pump rod to the 
□ther end. The pump rod was 
heavy enough to sink it in the 

periphery of the piston was 
air tight by w 



being alow. X(j(ar(fft0. the air from the cylinder, di: 
the pipe which proceeds from the Ixittom ol the cyl 
opened upnardly. This ia tlie blow valve or saiJHni n 
ckis«l, shuts off the steam, and the cock N. being op 
cylinder tram injection pump K. throuvh pipe M. 
>/i7» of its bulk, formed a nearly perfect vai:uum. 
pounds M the square inch bearing upoH the piston 
miivd th*. rtump rod. the weight (if there be any), ^-, 
if the piston was used e£leetive\y. The; 



passcdby the pipe Q.lcadingfrom the bottom of the cylindi 
stiff 



check valve, and was used to feed the boiler. It n 

■od are merely suspended by chains; the action of e^ 



NOTB. — The taps which answered as valves in the Newcomen engifie required the most 
unremitting attention of the person in char^. to introduce steam into the cyUnder to lift the 

trf the 'piston by the atmospheric pressure above it. A Cornish boy. named Potter, m order 



1710 to 1764, a 
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Ques. What la the chief objection to this engine? 

Ans. It was discovered by James Watt in 1763 that there 
was a large waste of steam in the cylinder owing to condensation 
of the steam through contact with the cold wet cylinder walls. 

Ques. How did Watt overcome this defect? 



At tha lowat point D. and leaving at the highest point £. 

Ans. He invented a separate chamber in which the con- 
densation took place. The' steam was passed from the cylinder 
into this chamber, called the condenser where it was condensed 
by contact with cold water without the need of cooling the 
cylinder itself. 
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The elementary condenser shown in fig. 52 illustrates the method of 
condensing steam after it leaves the engine cylinder by bringing it in 
contact with a cold metallic surface. Such method is called surface con- 
densation, and the apparatus, a surface condenser. 

In the figure, the flask A, placed over a Bunsen burner, is fitted with a 
rubber corE and tube C, part of which is coiled and surroimded by flowing 
cold water. A glass vessel or beaker B, is placed xmder the end of the coil 
as shown. 

When water is boiled in A, the steam thus fomjed will pass off through C, 
and in traversing the coiled part it is cooled below the temperature cor- 
responding to its pressure and condenses. The water thus formed or con- 
densate passes in drops from the end of the tube C, into the vessel B. When 
all the water has been evaporated from A, it will be found that the same 
weight of water originally placed in A, has been deposited in B. 

The condensation of steam mav also be illustrated by fig. 49, asstuning 
the supply of heat to be removeo. 

If the piston be pushed downward, the tendency will be to increase both 
the pressure and temperature of the stearn. However, if there be any 
increase in the temperature of the steam it is immediately cooled by the 
water which causes condensation and keeps the pressure constant. In 
fact all the steam could be condensed by pushing the piston downward 
until it rested on the sufface of the water. 

If the piston be now returned to its original position, steam wiU im- 
mediately form and fill the space, the pressure remaining constant. The 
reason for this is that unless the empty space formed by the receding piston 
be immediately filled, the pressure will fall, thus exposing the water which 
is at 212** to a pressure lower than the boiUng pomt. Under these con- 
ditions the water boils until the empty space is filled with steam of a 
density corresponding to the boiling point, thus preserving a constant 
pressure. 

How to Use the Steam Table. — The various properties of 
saturated steam are usually presented in tabulated form for 
convenience in making calculations. The values of the properties 
of steam here given are condensed from Marks and Davis steam 
tables which are now (1917) generally accepted as the standard, 
and are the most accurate that have yet been published. 

In the first coltunn is given the gauge pressure, and in the second, the 
absolute pressure. The second column, then, is made up by adding 14.7 
lbs. to the pressures given in the first column. Before using a steam table, 
the difference between gauge and absolute pressure should be thoroughly 
understood. 
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The third column gives the temperature in degrees Fahrenheit, beginning 
with the freezing point 32°, which for convenience is taken as the temperature 
of no heat. 

Column four gives the total heat above 32® in each pound of water at 
the different pressures; similarly in column five is given the total heat above 
32® for each pound weight of steam. 

The latent heat in the next column is clearly the difference between 
the heat in the steam and the heat in the water, or column 6 — ^lumn 4. 

The relative volume of the steam is given in column seven ; for instaipe, 
one pound of water ^t 212® will occupy 26.79 cu. ft. when evaporated 

into steam at the same temperature. 

■I- ■ 

Column eight gives the weight per cu. ft., and the last two columns the 
entropy values. 

Tliie following examples illustrate how to use the steam table: 

Example* — How many heat units are saved in heating 25 lbs. of feed 
water from 90 to 2p2®? ; 

In column 4, total' heat in. the water at 201.96® = 169.9 : 
In column 4, total heat in the water at 90® » 58.0 , 

Heat units saved, per lb, of feed water « 111.9 ' 

Total heat units saved* 111.9X25=2,797.5 

Example, — What ia the weight of 20 cu. ft. of steam at 150 lbs. absolute 
pressure? 

The weight of 1 cu* ft., ste^un iat 150 lbs. abs. is given in column 9 at 
.332 lb. Twenty cu. ft. then will weigh: .332X20=6.64 lbs. 

Example* — ^How much more heat is required to generate^ 26 lbs. of steam 
at 150 ijbs. abs., than at. 90 lbs. abs. 

In column 5 total heat in steam at 160 lbs. abs. = 1,193.4 
In ooltunn 5 total heat in steam at 90 lbs. abs. = 1,184.4 

Excess heat required per pound (weight) = 9 B. t.'u. 

Total for 26 lbs. ^9X26=23.4 B. t. u. 

Example* — ^How much heat is absorbed by the cooling water, if a con- 
densing engine, exhaust 17 lbs. of steam per hour at a terminal pressure 
of 18 lbs. absolute into a 28 inch vacuum. 

In column 6, total heat in the steam at 18 lbs. abs. = 1,154.20 
In column 4, total heat in the water with 28" vacuiun = 67.97 

Heat to be absorbed per lb. of steam , =1,086.23 

Total heat absorbed by the cooling water per hour 

1,086.23X17 = 18,465.9 B. t. u. 
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Properties of Saturated Steam 

Condensed from Marks and Davis' Steam Tables and Diagrams, 1909, by 
permission of the p.iblishers, Longmans, Green & Co. 
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Properties of Saturated Steam — Continued 
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0.0795 


940.1 


12.22 


0.0818 


938.9 


11.89 


0.0841 


937.7 


11.58 


0.0663 


936.6 


11.29 


0.0686 


935.5 


11.01 


0.0908 


934.4 


10.74 


0.0931 


933 3 


10.49 


0.0953 


932.2 


10.25 


0.0976 


931 2 


10.02 


0.0998 


930.2 


9.80 


0.1020 


929.2 


9.59 


0.1043 


928.2 


9.39 


0.1065 


927.2 


9.20 


0.1067 


926.3 


9.02 


0.1109 


925.3 


8.84 


0.1131 


924.4 


8.67 


0.1153 


923.5 


8.51 


0.1175 


922.6 


8.35 


0.1197 


921.7 


8.20 


0.1219 


920.8 


8.05 


0.1241 


919.9 


7.91 


0.1263 


919.0 


7.78 


0.1285 


918.2 


7.65 


0.1307 


917.4 


7.52 


0.1329 


916.5 


7.40 


0.1350 


915.7 


7.28 


0.1372 


914.9 


7.17 


0.1394 


914.1 


7.06 


0.1416 


913.3 


6.95 


0.1438 


912.5 


6.85 


0.1460 


911.8 


6.75 


0.1482 


911.0 


6.65 


0.1503 


910.2 


6.56 


0.1525 


909.5 


6.47 


0.1547 



0.3623 
0.3652 
0.3680 
0.3707 
0.3733 
0.3759 
0.3784 
0.3808 
0.3832 
0.3855 
0.3877 
0.3899 
0.3920 
0.3941 
0.3962 
0.3982 
0.4002 
0.4021 
0.4040 
0.4059 
0.4077 
0.4095 
0.4113 
0.4130 
0.4147 
0.4164 
0.4180 
0.4196 
0.4212 
0.4227 
0.4242 
0.4257 
0.4272 
0.4287 
0.4302 
0.4316 
0.4330 
0.4344 
0.4358 
0.4371 



1.3425 
1.3367 
1.3311 
1.3257 
1.3205 
1.3155 
1.3107 
1.3060 
1.3014 
1.2969 
1.2925 
1.2882 
1.2841 
1.2800 
1.2759 
1.2720 
1.2681 
1.2644 
1.2607 
1.2571. 
1.2536 
1.2502 
1.2468 
1.2435 
1.2402 
1.2370 
1.2339 
1.2309 
1.2278 
1.2248 
1.2218 
1.2189 
1.2160 
1.2132 
1.2104 
1.20n 
1.2050 
1.2024 
1.1998 
1.1972 
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Properties of 


Saturated Steam— Co»/ifi««<i 




- 




Total Hett 


^ 


.S 


^ 




1 




|.S .- 




above 320F 


g-l 


■^1 


• 


ft 


tA 

s^^ 




1 


^ 


5 


^S 


c^ 


a& 


Absolute P 
Lbs. per sq 


1^ 


In the water 
HeatrlJnits. 


In the Steam 

H 
Heat-UnHs.. 


1^ 


> 


Weight of 1 

Steam. Lb. 


Entropy of 
Water. 


Entropy pf 
ration. 


63.3 


68 


301.0 


270.6 


1179.3 


^.7 


6.38 


0.1569 


0.4385 


1.1945 


54.3 


69 


302.0 


271.6 


1179.6 


908.0 


6.29 


0.1590 


0.4398 


1.1921 


65.3 


70 


302.9 


27Z.6 


1179.8 


907.2 


6.20 


0.1612 


0.4411 


1.1896 


56.3 


71 


303.9 


273.6 


1180.1 


906.5 


6.12 


0.1634 


0.4424 


1.1872 


57.3 


72 


304.8 


274.5 


1180.4 


905.8 


6.04 


0.1656 


0.4437 


1.1848 


58.3 


73 


305.8 


275.5 


1180.6 


905.1 


5.96 


0.1678 


0.4449 


1.1825 


59.3 


74 


306.7 


276.5 


1180.9 


904.4 


5.89 


0.1699 


0.4462 


1.1801 


60.3 


75 


307.6 


277.4 


1181.1 


903.7 


5.81 


0.1721 


0.4474 


1.1778 


61.3 


76 


308.5 


278.3 


1181.4 


903.0 


5.74 


0.1743 


0.4487 


1.1755 


62.3 


77 


309.4 


279.3 


1181.6 


902.3 


5.67 


0.1764 


0.4499 


1.1732 


63.3 


78 


310.3' 


280.2 


1181.8 


901.7 


5.60 


0.1786 


0.4511 


1.1710 


64.3 


79 


311.2 


281.1 


1182.1 


901.0 


5.54 


0.1808 


0.4523 


1.1687 


65.3 


80 


312.0 


282.0 


1182.3 


900.3 


5.47 


0.1829 


0.4535 


1.1665 


66.3 


81 


312.9 


282.9 


1182.5 


899.7 


5.41 


0.1851 


0.4546 


1.1644 


67.3 


82 


313.8 


283.8 


1182.8 


899.0 


5.34 


0.1873" 


0.4557 


1.1623 


68.3 


83 


314.6 


284.6 


1183.0- 


oVo.4 


5.28 


0.1894 


0.4568 


1.1602 


69.3 


84 


315.4 


285.5 


1183:2 


897.7 


5.22 


0.1915 


0.4579 


1.1581 


70.3 


85 


316.3 


286.3 


1183.4 


897.1 


5.16 


0.1937 


0.4590 


1.1561 


71.3 


86 


317.1 


287.2 


1183.6 


896.4 


5.10 


0.1959 


0.4601 


1.1540 


72.3 


87 


317.9 


288.0 


1183.8 


895.8 


5.05 


0.1980 


0.4612 


1.1520 


73.3 


88 


318.7 


288.9 


1184.0 


895.2 


5.00 


0.2001 


0.4623 


1.1500 


74.3 


89 


319.5 


289.7 


1184.2 


894.6 


4.94 


0.2023 


0.4633 


1.1481 


75.3 


90 


320.3 


290.5 


1184.4 


893.9 


4.89 


0.2044 


0.4644 


1.1461 


76.3 


91 


321.1 


291.3 


1184. & 


893.3 


4.84 


0.2065 


0.4654 


1.1442 


77.3 


92 


321.8 


292.1 


1184.8 


892.7 


4.79 


0.2087 


0.4664 


1.1423 


78.3 


93 


322.6 


292.9 


1185.0 


892.1 


4.74 


0.2109 


0.4674 


1.1404 


79.3 


94 


323.4 


293.7 


1185.2 


891.5 


4.69 


0.2130 


0.4684 


1.1385 


80.3 


95 


324.1 


294.5 


1185.4 


890.9 


4.65 


0.2151 


0.4694 


1.1367 


81.3 


96 


324.9 


295.3 


1185.6 


890.3 


4.60 


0.2172 


0.4704 


1.1348 


82.3 


97 


325.6 


296.1 


1185.8 


889.7 


4.56 


0.2193 


0.4714 


1.1330 


83.3 


98 


326.4 


296.8 


1186.0 


889.2 


4.51 


0.2215 


0.4724 


1.1312 


84.3 


99 


327.1 


297.6 


1186.2 


888.6 


4.47 


0.2237 


0.4733 


1.1295 


85.3 


100 


327.8 


298.3 


1186.3 


888.0 


4.429 


0.2258 


0.4743 


1.1277 


87.3 


102 


329.3 


299.8 


1186.7 


886.9 


4.347 


0.2300 


0.4762 


1.1242 


89.3 


104 


330.7 


301.3 


1187.0 


885.8 


4.268 


0.2343 


0.4780 


1.1208 


91.3 


106 


332.0 


302.7 


1187.4 


884.7 


4.192 


0.2336 


0.4798 


1.1174 


93.3 


108 


333.4 


304.1 


1187.7 


883. S 


4.118 


0.2429 


0.4816 


1.1141 


95.3 


110 


334.8 


305.5 


1188.0 


882.5 


4.047 


0.2472 


0.4834 


1.1108 


97.3 


112 


336.1 


306.9 


1188.4 


881.4 


3.978 


0.2514 


0.4852 


1.1076 


99.3 


114 


337.4 


308.3 


1188.7 


880.4 


3.9121 0.2556 


0.4869 


1.1045 
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Properties of Saturated Stetita— Continued 



-r • 


Absolute Pressure. 
Lbs. per Sq. In. 


• -*» 

1- 


Total Hett 
above 32° F 


ni 


Volume, Cu. Ft. in 
1 Lb. of Steam. 




1 

II • 


1 


Gauge Pressure 
Lbs. per Sq. In 


1 ^ 

^ i 


1 ^ 
ca M 


H 


101.3 


116 


338.7 


309.6 


1189.0 


879.3 


3.848 


0.2599 


0.4886 


1.1014 


103.3 


118 


340.0 


311.0 


1189.3 


878.3 


3.786 


0.2641 


0.4903 


1.0984 


105.3 


120 


341.3 


312.3 


1189.6 


877.2 


3.726 


0.2683 


0.4919 


1.0954 


107.3 


122 


342.5 


313.6 


1189.8 


876.2 


3.668 


0.2726 


0.4935 


1.0924 


109.3 


124 


343.8 


314.9 


1190.1 


875.2 


3.611 


0.2769 


0.4951 


1.0895 


111.3 


126 


345.0 


316.2 


1190.4 


874.2 


3.556 


0.2812 


0.4967 


1.0865 


113.3 


128 


346.2 


317.4 


1190.7 


873.3 


3.504 


0.2854 


0.4982 


1.0837 


115.3 


130 


347.4 


318.6 


1191.0 


872.3 


3.452 


0.2897 


0.4998 i 


1.0609 


117.3 


132 


348.5 


319.9 


1191.2 


871.3 


3.402 


0.2939 


0.5013 


1.0782 


119.3 


134 


349.7 


321.1 


1191.8 


870.4 


3.354 


0.2981 


0.5028 


1.0755 


121.3 


136 


350.8 


322.3 


1191.7 


869.4 


3.308' 


0.3023 


0.5043 


1.0728 


123.3 


138 


352.0 


323.4 


1192.6 


868.5 


3.263 


0.3065 


0.5057 


1.0702 


125.3 


140 


353.1 


324.6 


1192.2 


867.6 


3.219 


0.3107 


0.5072 


1.0675 


127.3 


142 


354.2 


325.8 


1192.5 


866.7 


3.175 


0.31-^) 


0.5086 


1.0649 


129.3 


144 


355.3 


326.9 


1192.7 


865.8 


3.133 


0.3192 


0.5100 


1.0624 


131.3 


146 


356.3 


328.0 


1192.9 


864.9 


3.092 


0.3234 


0.5114 


1.0599 


133.3 


148 


357.4 


329.1 


1193.2 


864.0 


3.052 


0.3276 


0.5128 


1.0574 


135.3 


150 


358.5 


330.2 


1193.4 


863.2 


3.012 


0.3320 


0.5142 


1.0550 


137.3 


152 


359.5 


331.4 


1193.6 


862.3 


2.974 


0.3362 


0.5155 


1.0525 


139.3 


154 


360.5 


332.4 


1193.8 


861.4 


2.938 


0.3404 


0.5169 


1.0501 


141.3 


156 


361.6 


333.5 


1194.1 


860.6 


2.902 


0.3446 


0.5182 


1.0477 


143.3 


158 


362.6 


334.6 


1194.3 


859.7 


2.868 


0.3488 


0.5195 


1.0454 


145.3 


160 


363.6 


335.6 


1194.5 


858.8 


2.834 


0.3529 


0.5208 


1.0431 


147.3 


162 


364.6 


336.7 


1194.7 


858.0 


2.801 


0.3570 


0.5220 


1.0409 


149.3 


164 


365.6 


337.7 


1194.9 


857.2 


2.769 


0.3612 


0.5233 


1.0387 


151.3 


166 


366.5 


338.7 


1195.1 


856.4 


2.737 


0.3654 


0.5245 


1.0365 


153.3 


168 


367.5 


339.7 


1195.3 


855.5 


2.706 


0.3696 


0.5257 


1.0343 


155.3 


170 


368.5 


340.7 


1195.4 


854.7 


2.675 


0.3738 


0.5269 


1.0321 


157.3 


172 


369.4 


341.7 


1195.6 


853.9 


2.645 


0.3780 


0.5281 


1.0300 


159.3 


^ 174 


370.4 


342.7 


1195.8 


853.1 


2.616 


0.3822 


0.5293 


1.0278 


161.3 


176 


371.3 


343.7 


1196.0 


852.3 


2.588 


0.3864 


0.5305 


1.0257 


163.3 


178 


372.2 


344.7 


1196.2 


851.5 


2.560 


0.3906 


0.5317 


1.0235 


165.3 


180 


373.1 


345.6 


1196.4 


850.8 


2.533 


0.3948 


0.5328 


1.0215 


167.3 


182 


374.0 


346.6 


1196.6 


850.0 


2.507 


0.3989 


0.5339 


1.0195 


169.3 


184 


374.9 


347.6 


1196.8 


849.2 


2.481 


0.4031 


0.5351 


1.0174 


171.3 


186 


375.8 


348.5 


1196.9 


848.4 


2.455 


0.4073 


0.5362 


1.0154 


173.3 


188 


376.7 


349.4 


1197.1 


847.7 


2.430 


0.4115 


0.5373 


1.0134 


175.3 


190 


377.6 


350.4 


1197.3 


846.9 


2.406 


0.4157 


0.5384 


1.0114 


177.3 


192 


378.5 


351.3 


1197.4 


846.1 


2.381 


•0.4199 


0.5395 


1.0095 


179.3 


194 . 


.379.3 


352.2 


1197.6 


845.4 


2.358 


0.4241 


0.5405 


1.0076 
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Properties of Saturated StevLva— Continued 




Total Hett 
alMve32«F 



A n 






I 

»3 



"8 



181.3 


196 


380.2 


353.1 


1197.8 


844.7 


2.335 


0.4283 


0.5416 


1.0056 


183.3 


198 


381.0 


354.0 


1197.9 


843.9 


2.312 


0.4325 


0.5426 


1.0Q38 


185.3 


200 


381.9 


354.9 


1198.1 


843.2 


2.290 


0.437 


0.5437 


1.0019 


190.3 


205 


384.0 


357.1 


1198.5 


841.4 


2.237 


0.447 


0.5463 


0.9973 


195.3 


210 


386.0 


359.2 


1198.8 


839.6 


2.187 


0.457 


0.5488 


0.9928 


200.3 


215 


388.0 


361.4 


1199.2 


837.9 


2.138 


0.468 


0.5513 


0.9885 


205.3 


220 


389.9 


363.4 


1199.6 


836.2 


2.091 


0.478 


0.5538 


0.9841 


210.3 


225 


391.9 


365.5 


1199.9 


834.4 


2.046 


0.489 


0.5562 


0.9799 


215.3 


230 


393.8 


367.5 


1200.2 


832.8 


2.004 


0.499 


0.5586 


0.9758 


220.3 


235 


395.6 


369.4 


1200.6 


831.1 


1.964 


0.509 


0.5610 


0.9717 


225.3 


240 


397.4 


371.4 


1200.9 


829.5 


1.924 


0.520 


0.5633 


0.9676 


230.3 


245 


399.3 . 


373 .§ 


1201.2 


827.9 


1.887 


0.530 


0.5655 


0.9638 


235.3 


250 


401.1 


375.2 


1201.5 


826.3 


1.850 


0.541 


0.5676 


0.9600 


245.3 


260 


404.5 


378.9 


1202.1 


823.1 


1.782 


0.561 


0.5719 


0.9525 


255.3 


270 


407.9 


382.5 


1202.6 


820.1 


1.718 


0.582 


0.5760 


0.9454 


265.3 


280 


411.2 


386.0 


1203.1 


817.1 


1.658 


0.603 


0.5800 


0.9385 


275.3 


290 


414.4 


389.4 


1203.6 


814.2 


1.602 


0.624 


0.5840 


0.9316 


285.3 


300 


417.5 


392.7 


1204.1 


811.3 


1.551 


0.645 


0.5878 


0.9251 


295.3 


310 


420.5 


395.9 


1204.5 


808.5 


1.502 


0.666 


0.5915 


0.9187 


305.3 


320 


423.4 


399.1 


1204.9 


805.8 


1.456 


0,687 


9.5951 


0.9125 


315.3 


330 


426.3 


402.2 


1205.3 


803.1 


1.413 


0.708 


0.5986 


0.9065 


325.3 


340 


429.1 


405.3 


1205.7 


800.4 


1.372 


0.729 


0.6020 


0.9006 


335.3 


350 


431.9 


408.2 


1206.1 


797.8 


1.334 


0.750 


0.6053 


0.8949 


345.3 


360 


434.6 


411.2 


1206.4 


795.3 


1.298 


0.770 


0.6085 


0.8894 


355.3 


370 


437.2 


414.0 


1206.8 


792.8 


1.264 


0.791 


0.6116 


0.8840 


365.3 


380 


439.8 


416.8 


1207.1 


790.3 


1.231 


0.812 


0.6147 


0.8788 


375.3 


390 


442.3 


419.5 


1207.4 


787.9 


1.200 


0.833 


0.6178 


0.8737 


385.3 


400 


444.8 


422 


1208 


786 


1.17 


0.86 


0.621 


0.868 


435.3 


450 


456.5 


435 


1209 


774 


1.04 


0.96 


0.635 


0.844 


485.3 


500 


467.3 


448 


1210 


762 


0.93 


1.08 


0.648 


0.822 


535.3 


550 


477.3 


459 


1210 


751 


0.83 


1.20 


0.659 


0.^1 


585.3 


600 


486.6 


469 


1210 


741 


0.76 


1.32 


0.670 


0.783 


Source 


684 


500 


484 


1209 


725 


0.66 


1.52 


0.686 


0.755 




1062 


550 


542 


1200 


658 


0.42 


2.36 


0.743 


0.650 




1574 


600 


604 


1176 


572 


0.27 


3.75 


0.799 


0.540 




2265 


650 






441 


0.16 


6.2 




0.396 




2974 
3075 


689 
700 








0.05 








4i 












* 


4300.2 


752 


♦FTomG. 


A.Goodenough'sta 


bles 1915. 








5017.1 


779 


tCalculati 


3d by J. McFarlam 


) Gray— i 


Voc. /n»<. 


M.E., July, 1889. 


" ' 


5659.9 


810.6 
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Properties of Superheated Steam 

(Condensed from Marks and Davis* Steam Tables and Diagrams.) 

specific volume in cu. ft. per lb., h = total heat, from water at 32** F. in 
B. t. u. per lb., n = entropy, from water at 32®. 



Frees. 
Abe. 


Temp. 

Sat. 
Steam. 


Degrees of Superheat. 


Lbs. 

per 

8q. In. 





50 


100 


150 


200 


250 


300 


400 


500 


600 


20 


228.0 


V 20.08 


21.69 


23.25 


24.80 


26.33 


27.85 


29.37 


32.39 


35.40 


38.40 






h 1156.2 


1179.9 


1203.5 


1227.1 


1250.6 


1274.1 


1297.6 


1344.8 


1392.2 


1440.0 






111.7320 


1.7652 


1.7961 


1 .8251 


1.8524 


1.8781 


1.9026 


1.9479 


1.9893 


2.0275 


40 


267.3 


V 10.49 


11.33 


12.13 


12.93 


13.70 


14.48 


15.25 


16.78 


18.30 


19.80 






h 1169.4 


1194.0 


1218.4 


1242.4 


1266.4 


1290.3 


1314.1 


1361.6 


1409.3 


1457.4 






n 1.6761 


1 .7089 


1.7392 


1.7674 


1.7940 


1.8189 


1.8427 


1.8867 


1.9271 


1.9646 


60 


292.7 


y7.17 


7.75 . 


8.30 


8.84 


9.36 


9.89 


10.41 


11.43 


12.45 


13.46 






h 1177.0 


1202.6 


1227.6 


1252.1 


1276.4 


1300.4 


1324.3 


1372.2 


1420.0 


1468.2 


• 




111.6432 


1.6761 


1.7062 


1.7342 


1.7603 


1.7849 


1.8081 


1.8511 


1.8908 


1.9279 


80 


312.0 


V 5.47 


5.92 


6.34 


6.75 


7.17 


7.56 


7.95 


8.72 


9.49 


10.24 






h 1182.3 


1208.8 


1234.3 


1259.0 


1283 ;6 


1307.8 


1331.9 


1379.8 


1427.9 


1476.2 






n 1.6200 


1.6532 


1.6833 


1.7110 


1.7368 


1.7612 


1.7840 


1.8265 


1.8658 


1.9025 


100 


327.8 


V4.43 


4.79 


5.14 


5.47 


5.80 


6.12 


6.44 


7.07 


7.69 


8.31 






h 1186.3 


1213.8 


1239.7 


1264.7 


1289.4 


1313.6 


1337.8 


1385.9 


1434.1 


1482.5 






111.6020 


1.6358 


1.6658 


1.6933 


1.7188 


1.7428 


1.7656 


1.8079 


1.8468 


188.29 


120 


341.3 


v3.73 


4.04 


4.33 


4.62 


4.89 


5.17 


5.44 


5.96 


6.48 


6.99 






h 1189.6 


1217.9 


1244.1 


1269.3 


1294.1 


1318.4 


1342.7 


1391.0 


1439.4 


1487.8 






111.5873 


1.6216 


1.6517 


1.6789 


1.7041 


1.7280 


1.7505 


1.7924 


1.8311 


1.8669 


140 


353.1 


V3.22 


3.49 


3.75 


4.00 


4.24 


4.48 


4.71 


5.16 


5.61 


6.06 






h 1192.2 


1221.4 


1248.0 


1273.3 


1298.2 


1322.6 


1346.9 


1395.4 


1443.8 


1492.4 






n 1.5747 


1.6096 


1.6395 


1.6666 


1.6916 


1.7152 


1.7376 


1.7792 


1.8177 


1.8533 


160 


363.6 


V2.83 


3.07 


3.30 


3.53 


3.74 


3.95 


4.15 


4.56 


4.95 


5.34 






h 1194.5 


1224.5 


1251.3 


1276.8 


1301.7 


1326.2 


1350.6 


1399.3 


1447.9 


1496.6 






n 1.5639 


1.5993 


1.6292 


1.6561 


1.6810 


1.7043 


1.7266 


1.7680 


1.8063 


1.8418 


180 


373.1 


V2.53 


2.75 


2.96 


3.16 


3.35 


3.54 


3.72 


4.09 


4.44 


4.78 






h 1196.4 


1227.2 


1254.3 


1279.9 


1304.8 


1329.5 


1353.9 


1402.7 


1451.4 


1500.3 






n 1.5543 


1.5904 


1.6201 


1.6468 


1.6716 


1.6948 


1.7169 


1.7581 


1.7962 


1.8316 


200 


381.9 


V2.29 


2.49 


2.68- 


%M 


3.04 


3.21 


3.38 


3.71 


4.03 


4.34 






h 1198.1 


1229.8 


1257.1 


1282.6 


1307.7 


1332.4 


1357.0 


1405.9 


1454.7 


1503.7 






111.5456 


1.5823 


1.6120 


1.6385 


1.6632 


1.6862 


1.7082 


1.7493 


1.7872 


1.8225 


220 


389.9 


V2.09 


2.28 


2.45 


2.62 


2.78 


2.94 


3.10 


3.40 


3.69 


3.98 






h 1199.6 


1232.2 


1259.6 


1285.2 


1310.3 


1335.1 


1359.8 


1408.8 


1457.7 


1506.8 






111.5379 


1.5753 


1.6049 


1.6312 


1.6558 


1.6787 


1.7005 


1.74151.7792 


1.8145 


240 


397.4 


vl.92 


2.09 


2.26 


2.42 


2.57 


2.71 


2.85 


3.13 3.40 3.67 






h 1200.9 


1234.3 


1261.9 


1287.6 


1312.8 


1337.6 


1362.3 


1411.61460.51509.8 






111.5309 


1.5690 


1.5985 


1.6246 


1.6492 


1.6720 


1.6937 


1.73441.77211.8072 


260 


404.5 


vl.78 


1.94 


2.10 


2.24 


2.39 


2.52 


2.65 


2.91 3.16 3.41 






h 1202.1 


1236.4 


1264.1 


1289.9 


1315.1 


1340.0 


1364.71414.011463.21512.5 






n 1.5244 


1 5631 


1.5926 


1.6186 


1 .6430 1 .665811 .6874|1 .7280 1 .7655 1 .8005 
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PropMties of Superheated SteSim^^CanHnued 


Jhnes. 




Degrees of Superheat. 


AbB. 


Temp. 
Sat. 




Lbs. 






















per 
Sq. In. 


Steam. 





50 


100 


150 


200 


250 


300 


400 


500 


000 


280 


411.2 


vl.66 


1,81 


1.95 


2.09 


2.22 


2.35 


2.48 


2.72 


2.95 


3.19 






h 1203.1 


1238.4 


1266.2 


1291.9 


1317.2 


1342.2 


1367.0 


1416.4 


1465.7 


1515.1 






n 1.5185 


1.5580 


1.5873 


1,6133 


1.6375 


1.6603 


1.6818 


1.7223 


1.7597 


1.7945 


300 


417.5 


vl.55 


1.69 


las 


1.96 


2.09 


2.21 


2.33 


2.55 


2.77 


2.99 






h 1204.1 


1240.3 


1268.2 


1294.0 


1319.3 


1344.3 


1369.2 


1418.6 


1468.0 


1517.6 






n 1.5129 


1.5530 


1.5824 


1.6082 


1.6323 


1.6550 


1.6765 


1.7168 


1.7541 


1.7889 


350 


431.9 


vl.33 


1.46 


1.58 


1.70 


1.81 


1.92 


2.02 


2.22 


2.41 


2.60 






h 1206.1 


1244.6 


1272.7 


1298.7 


1324.1 


1349.3 


1374.3 


1424.0 


1473.7 


1523.5 






n 1.5002 


1.5423 


1.5715 


1.5971 


1.6210 


1.6436 


1.6650 


1.7052 


1.7422 


1.7767 


400 


444.8 


vl.17 


1.28 


1.40 


1.50 


1.60 


1.70 


1.79 


1.^7 


2.14 


2.30 






h 1207.7 


1248.6 


1276.9 


1303.0 


1328.6 


1353.9 


1379.1 


1429.0 


1478.9 


1528.9 






n 1.4894 


1.5336 


1.5625 


1 5880 


1.6117 


1.6342 


1.6554 


1.6955 


1.7323 


1.7666 


450 


456.5 


V 1.04 


1.14 


1.25 


1.35 


1.44 


1.53 


1.61 


1.77 


1.93 


2.07 






h 1209 


1252 


1281 


1307 


1333 


1358 


1383 


1434 


1484 


1534.0 






n 1.479 


1.526 


1.554 


1.580 


1.603 


1.626 


1.647 


1.687 


1.723 


1.758 


500 


467.3 


vO.93 


1.03 


1.13 


1.22 


1.31 


1.39 


1.47 


1.62 


1.76 


1,89 






h 1210 


1256 


1285 


1311 


1337 


1362 


1388 


1438 


1489 


1539 




n 1.470 


1.519 


1.548 


1.573 


1.597 


1.619 


1.640 


1.679 


1.715 


1.750 



Volume of Superheated Steam — ^Linda's equation (1005), 

i>tr-0.5962T-*/»(l+0.0014/») ii^5l^5:292 —0.0833) 

in which ^, is in lb. per sq. in., r, is in cu. ft. and T, is the absolute temperature on the Fahren- 
heit scale, has been used in the computation of Marks & Davis' steam tables. 

Specific heat of superheated steam. — Mean specific heats from the temperature of sat- 
uration to various temperatures at several pressures — Kncblauch and Jakob (from Peabody's 
Tables). 



Lb. per sq. in. 


14.2 


28.4 


56.9 


85.3 


113.3 


142.2 


170.6 


199.1 


227.5 


256.0 


284.4 


Temp. sat. °F. 


210 


248 


289 


316 


336 


350 


368 


381 


392 


403 


412 


^'F. 


°C. 
























212 


100 


0.463 






















302 


150 


.462 


0.478 


0.515 


















392 


200 


.462 


.475 


.502 


0.530 


0.560 


0.597 


0.635 


0.677 








482 


250 


.463 


.474 


.495 


.514 


.532 


.552 


.570 


.588 


0.609 


0.635 


0.664 


672 


300 


.464 


.475 


.492 


.505 


.517 


.530 


.541 


.550 


.561 


.572 


.585 


662 


350 


.468 


.477 


.492 


.503 .512 


.522 


.529 


.536 


.543 


.550 


.557 


752 


400 


.473 


.4811 .4941 .5041 .5121 .520 


.526 


.531 


.537 


.542 


.547 
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CHAPTER 2 



THE STEAM ENGINE 



Ques. What is a steam engine? 

Ans. A machine for converting heat into mechanical power. 

Qifes. Into what three classes are engines divided with 
respect to service? 

Ans. Stationary, marine and locomotive. 

Ques. Into what two classes are engines divided with 
respect to their mode of operation? 

Ans. N n-condensing and condensing. 

Ques What is a non-condensing engine? 

Ans. A non-condensing engine (sometimes called a simple, 
or high i'ressnre engine) is one that exhausts against the pressure 
of. the atmosphere. 

Ques. What is a condensing engine? 

Ans. A condensing engine is one that exhausts into a condenser 
or device which condenses the exhaust steam, and in which, by 
means of an air pump, a partial vacuum is maintained, thus 
reducing the back pressure. 
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How an Engine Works. — In a steam engine, heat accom- 
plishes work only by being "let down" from a higher to a lower 
temperature; in the process some of the heat is converted into 
useful work. The mechanism by which this is accomplished is 
not so complicated as would at first seem, and its operation is 
easily understood. 

Fig. 54 is a sectional plan view of a simple form of steam engine. 
C, is a cylinder into which steam is admitted alternately by the 
valve V, through the steam passages S, S'. This causes a steam 
tight piston P, to move back and forth in the cylinder. 

The pressure of the steam on the piston is transmitted through 
a piston rod to a connecting rod CR, which causes the crank K, 
to revolve; thus, the reciprocating motion bt the piston is trans- 
formed into rotary motion of the crank.* 

In the revolution of the crank, the connecting rod will make various 
angles with the piston rod, hence, to allow for this, a cross head H, is placed 
at the point where the two rods meet, thus forming a hinged joint. The 
cross head is provided with guides to prevent the piston n^ being broken 
or bent by the oblique thrusts and pulls which it imparts to the crank by 
means of the connecting rod. The crank is keyed or forged to a shaft 2, 
upon which is fastened a fly wheel. 

In the operation of the engine, it is evident that while steam is being 
admitted at one end of the cylinder, the supply already in the cylinder 
from the previous stroke, must be exhausted frcmi the o&er end. This is 
accomplisuied by means of a slide ,valve V. 

The two steam passages S, S', connect the ends of the cylinder with a 
box-like projection M, csdled the steam chest. These passages terminate in a 
smooth flat surface V S, known as the valve seat, and upon which the valve 
moves; the ends of the passages terminating at the valve seat being called 
the ports. Careful distinction should be made between the terms passages 
and ports. 

The two ports just mentioned are called the 5team ports, to distinguish 
them from a third and larger port located midway between them and 



•NOTE. — ^When Jamet Watt produced his "rotdtiv€ engine*' in 1780 he was unable to 
use the crank because it had already been patented by Matthew Wasborou^h. Watt ^ was 
not discounged and within one year had himself patented five other devices for obtaining 
rotary motion from a piston rod. 
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called the exhaust port, through which steam passes from the cylinder to 
the exhaust pipe. The transverse form of these passages is long and narrow, 
so that steam may be quickly admitted and exhausted from the engine 
with only a slight valve movement. 

The valve itself, is a rectangular iron box, having a cavity, similar in 
form to the letter D.^ The size of the valve is so proportioned that in 
moving back and forth over the valve seat it will alternately cover and 
tmcover the two steam ports, allowing steam to flow alternately into the 
cylinder ends from the steam chest. 

The exhaust cavity EC, connects either steam port to the exhaust port, 
so that while steam is being admitted to one ena of the cylinder it is ex- 
hausted from the other end. 

The mechanism which imparts the to and fro motion to the valve is 
called the valve gear, and is quite similar to the connections between the 
piston and crank. 

Instead of a crank, there is usuallv an eccentric to impart motion to the 
valve. This consists of a disc bored out of the center and fastened by a 
key, or set screw to the shaft. Around the eccentric is a grooved ring cafled 
the eccentric strap. Motion is transmitted from the eccentric to the valve by 
means of an eccentric rod and valve stem as shown, a valve stem guide 
being provided to prevent the valve stem springing out of position on 
account of the side thrust of the eccentric rod. By turning the eccentric 
on the shaft, the relation between the valve movement and piston move- 
ment may be changed, hence, the eccentric may be adjusted so as to give 
the proper distribution of steam to and from the cylinder. 

In the figure, the piston is shown at the end of the cylinder or just be- 
ginning the stroke. In this position, the piston rod and eccentric rod 
are in a straight line, so that no matter how much steam pressure there 
may be on the piston it will not cause the crank to rotate. This happens 
when the piston is at either end of the cylinder, the corresponding positions 
of the crank pin being called dead centers. 

To prevent the engine stopping on a dead center, &fly wheel h&vmg a 
heavy rim is provided, which by its momentum keeps the engine in motion 
in passing these centers. 

Ques. Describe the operation of the engine. 

Ans. As shown in fig. 54, the piston is at the beginning of the 
stroke and the valve has just begun to open the steam port, 
admitting steam to the cylinder. As the piston moves, the valve 
opens the port to its full extent and closes it before the stroke is 
completed, thus *' cutting off** the supply of steam. During 
these **events'* of the power stroke the exhaust cavity of the 
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Pigs. 65 to 61. — Diagrams showing 
several positions of the piston, valve, 
crank and eccentric during one 
stroke. The diagrams show the 
relative movements of the parts, the 
crank and eccentric positions being 
shown at the right. 



valve connects the other steam port 
with the exhaust port E allowing 
the steam which was admitted 
during the previous stroke to ex- 
haust into the atmosphere, or con- 
denser, according to whether the 
engine be run non-condensing or 
condensing. 



Since the supply of steam is cut off 
by the valve before the piston completes 
the stroke, the steam in the cyUnder 
expands from the point of cut off tmtil 
the piston has almost completed the 
stroke. It is released at this point by 
the valve connecting the proper steam 
port with the exhaust port £• 

The movement of the valve, eccentric 
and piston during one revolution of the 
cranlc may be more easily understood by 
the aid of a series of diagrams, figs. 55 to 
61. The crank and eccentric positions 
corresponding to the several piston and 
valve positions, are shown at the right. 

In each figure the center of the crank 
pin, center of the shaft and the eccen- 
tric are shown at the right. 

In fig. 55 the piston is at the beginning 
of the stroke; the valve has just b^^un 
to open the steam port to the left for 
the admission of steam, while the steam 
port to the right is fuUy open for ex- 
haust. To bring the valve in this 
position, the eccentric has been set in 
advance of the crank as indicated. The 
reason for this will be explained later. 

In fig. 56. the piston has advanced to 
the right aoout */io of the stroke and 
the valve has moved so that the port 
at the left is nearly wide open for the 
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admissicm of steam. Up to this point the piston and valve have been 
moving in the same direction. 

The valve now begins its return stroke and when the piston has moved 
about Vio of its stroke, the valve has just closed the port at the left, thus 
cutting off the steam supply as shown in fig. 57. The steam now expands 
as the piston continues to move, but during this interval the port to the 
right is gradually being closed to the exhaust. 

When the piston has moved about Vio of its stroke, this port is closed 
and the steam remaining in the cylinder at that end is compressed which 
helps to bring the piston to rest without jar as it reaches the end of the 
stroke. 

■ 

The velocity of the piston is greatly reduced as it nears the end of the 
stroke while the movement of the valve is increased. 

In fig. 59 when the piston has moved only slightly from Its position in the 
preceding figure, the valve is at the' point of opening the port at the left 
to release the steam for exhaust. 

In the next two figures the piston completes its stroke, while the port 
at the left is being very rapidly opened to exhaust. 

Pig. 61 shows the piston at the end of the stroke and the valve just be- 
ginning to admit, steam to the port at the right for the return stroke, 
completing one stroke, the same cycte of events being repeated for the 
return stroke. 

The Expansion of Steam. — In the operation of a steam 
engine, steam, as just explained, is admitted and exhausted 
alternately at the ends of a cylinder within which is a piston. 
The force exerted by the steam causes the piston to move to and 
fro which by suitable connections is made to do useful work. 
The distance the piston moves in either direction is called the 
stroke, 

*When engines are required to exert their full power for a short period 
as happens, for instance, when a locomotive is pulling a heavy train up an 
incline, steam is admittied to the cylinder at full pressure through the greater 



•NOTE. — Steam was first used expansively in an enjgine by Watt who in making ai>pli- 
cation for a patent said, "My improvement in steam engines consists in admitting steam into 
the cylinder, or steam vessels of the engine only during some part or portion of the descent 
or ascent of the piston of said cylinder, and using the elastic forces, wherewith the said steam 
expands itself in proceeding to occupy larger spaces as the acting powers on the piston through 
the other x>arts or portions of the length of the stroke of said piston." All engines now operate 
on this principle except where extraordinary conditions prevail. 
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part of each stroke, without regard to ecanoin7 in its use. However, this 
u not tiie way the medium is ordinarily used in an engine, for althou^ an 
extra amotmt of work is done, it is at the expense of an excessive proportion 
of steam and fuel compared with the gain in work. 

Boyle's Law. — The behavior of a gas in exp^iding has been 
stated by Boyle as follows: The pressure of a perfect gas at 
constant temperattire varies inversely as its volume* 



Pig. 63.— The Atlat medinn 


to meet fluctuations in the load by the an 
les the point of cut off. Sleam ia expand 
line resulting in aupenor economy. 

rgivixtaphtiU. It should be noted that t 

■onstant. The curve constructed from ttiis 
r does not believe the eiii>ansion of steam 
and may be laid to depart coniiderahly 

that this equation (Rankin's equation a 
expansion lines on a laive number of indu 
ot appear to be any good reason for using a 


id to a higher degiM 


•NOTE.-The .tudent 
Isothermal eipansion means 
expansion mlh<ml rtceiviHg o 
in an en^ne cylinder is nn 
eipands m a closed cylind 
P«5 V-"'/>.orPV'''"-ft 

with very early cut off where 
body says- 'It is probahl 


RantTn, when steam 
of tbe npiuuion is 
fonnuU is called the 

^nTrl'Trktr^'^ 

alcr diagrams." He 
exponential equation 



' Fortsnernl calcutation JUa« maybeUkm as ixpandintinthecytittda acariiiit 
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This lav may be illustrated by the follonin^ ex^ritnent: In fig. 63 Is 
shown a cylinder, having a piston sliding air tight in its length. It air be 
compressed in front of the piston as it is forced from one end toward the 
Other, the pressure exerted by the air will increase in ratio as the volume 
is diminished. This fact may be shown by inserting in the wall of the 
cylinder at different points a number of tubes, each provided with an air 
tight piston upon which bears a spiral sprii^ holding it, as at A, ^en the 
pressure on the piston is the same on both sides. 



ig Barle's Uir. Thia law was dbcgvered by the Hon. Robert 
presented to the Royal Society his work, "Touchinelhe Spring 



as forr^ible 1 
hsif this ne 



The area of each small piston is assumed to be one square inch, and the 
firing of such a tension that it will move upward through one of the spaces 
between the horizontal lines on the diagram with each ten potmds of added 
pressure in the large cylinder. 
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Now when the piston moves in the cylinder, the pressure will gradually 
rise due to the compression of the air and the small pistons will rise against 
the tension of the springs to increasing heights. 
As the piston moves from the end of the cylinder to the following pirints: 
initial position, J^ stroke Ji stroke % stroke 

the positions of the small pistons as shown in the figure will indicate the 
following pressures: 

14.7 lbs. 29.4 lbs. 58.8 lbs. 117.6 lbs. 



m 

CO 

S2 




'lO. 64. — To describe the hyperbolic ciirv 



Uspkc 



itthen 






i. C -&% ol 



^ by a hor 



2 Iba. 



intsl 111 



BXAB, If the engine be running 
_Mure, that is 14.7+2-18.7 lbs. 
a hdsbt above A B, CDrrdpondiofi 



^ line beginning at B'. Suppose the exhauat 

Lched the point I>, caireaponding to D'^in the diagi«m. 

, , -. -.., -, — -, -w compressed. Br Boyle'a iaw,thepremirfisinvirseiy 

rrotortioiat to Ikt tolunu, hence, when the piston has moved to E, reducing the volucw, 
one-half . the preuure win be doubled and equal to 16.7 X2<^33.4 lbs. Meaaurmg up from E 
« length lomaponding to 33.4 lbs. gives E', s point on the curve. Similarly, when the 
fUfltoa moves to A. compresainff to one-quarter the original volume C D, the pres 
to 16.7 X4 -66.8 Iba., giving the point A'., on the curve. T^he curve may be d* '•- 



,,_ ^ .^-..^.-...a , . ,.. -^, ,— -— -_--—, e may be described through 

the points D'. E', A'. Just obtained, or if gwater accuracy be desired more points may be 
obtained, thua, by Boyle's law, pressurcXial'''^'' amsUHil. [mm which, pnis - 
consUnl-i-siilumt. If CD -say, 3 ins., then the consUnt-3XIS.7 -50.1, hence, vhc 



piston h 
60.1 +2 



<25.0G lbs. aba. Sim 



re than say 4 points. 
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thus showing that if the volume be diminished by half, the pressure ia 
doubled. If a curve be drawn so aa to pass through the center o( each 
of the small pistons, it will show the pressure corresponding to every posi- 
tion of the large piston. 

To apply this to the conditions of operation in a steam engine, it may 
be assumed that the piston has moved from the left end of the cylinder to 
a pcnnt C, or \i stirike, and during this time, steam is admitted at a 
constant pressure of 5S.S lbs. and then the supply cut off. 



Pin. 88. — Tie Ilomton, SUowood. and Gamble, mde crank idf-eontained, throttling engine. 

the point of cut off beiiu, the same for all loads. Tliii type o[ engine il cheaper than Uk 
automatic cot oS eogine but is not ai economical in the uae ot steam. 

Again, if the piston move to the end of the stroke (to A) the volume thus 
obtamed would be four times the original voliune, and the pressure one- 
. fourth the original pressure, or 14.7 lbs. 

The curve shows the expansion of the steam for any position of the 
fttston during the ejtpansion and is, therefore, called the curne oj expansion. ' 

Ques. What curve is taken ordinarily to represent 
the expansion of steam In an engine? 
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Ans. The equilateral or rectangular hyperbola referred to 
its asjnnptotes.* 
The Saving due to Expansion. — ^The advantage of using 
C' A' . D' steam expansively may be clearly 

shown by a diagram as in 
fig. 71, which represents the 
work done by an engine during 




Pig. 60. — ^To describe the hvberbolic curve for expansion, 1st method: This is s>ractically 
the reverse of the process described in fig. 64. As before, draw the zero line A B » stroke and 
volume displaced by the piston. When clearance is to be considered extend it to C, making 
A C "Clearance, as explained in fi^. 64. At D, piston position at cut off, measure vertically 
a distance ^pressure at cut off giving the point D', then C D', represents the volume of 
steam admitted considering clearance, and A' D', the volume admitted not considering 
clearance. Applyinit Boyle** law, 1, considering clearance, when the initial volume 
C D, is doubled by expansion to point E, pressure is reduced to H, ^at isE E' "H D D'. 
Similarly G G' ->^ E E', or Ji D D', giving the points 1>'.E'.G\ through which the curve 
passes. 2, // clearance be not consider ed, as is often the case, the initial volume is taken as 
A D. Again applying Boyle's law, points D' M' N' are obtained ^ving the lower curve. 
Considering a theoretical diagram the error introduced by not considering clearance is here 
indicated by the shaded area D' E' B' N' M' D', however, such error is usually allowed for 
in fixing the value of the diagram factor as explained in the accompanying text. 

•NOTE. — The hyperbolic curve is of such importance that it should be thoroughly under- 
stood. The following definitions, accordingly, should be carefully noted: Hyperbola. — A 
plane curve such that the difference of the distances jrom any point on it to two fixed points, called 
the foci, is equal to a given distance. The line passing through the foci and terminating at the 
two branches of the curve is the transverse axis, and a line perpendicular to this axis drawn half 
way between the foci is the conjugate axis. An asymptote ox a hyperbola is a right line which 
an infinite branch of the curve continually approaches but does not reach, in other words, a tangent 
to the curve at infinity. The eciuilateral hyperbola. — A hyperbola whose asvmptotes are per- 
pendicular to each other. This is the form of hyperbola which represents the law of expansion 
of steam, or Boyle's law. In this hyi>erbola, the product of the abscissa and ordinate at any 
point is equal to the product of abscissa and ordinate of any other jK>int, that is, if ^, be the 
ordinate at any point and v, its abscissa and p' and v^, are the ordinate and abscissa at any 
other point, then pv^pV, or Pv^h constant. See Boyle's law, page 64. AbsclflMB and 
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one stroke. As in the preceding figure the vertical distances 
represent pressures and horizontal distances, piston positions. 

In the figure, P D, is the length of the stroke; the line being placed at such 
a height above a horizontal hne of no pressure, that any point on it is at 
atmospheric pressure. This line, therdFore, is called the atmospheric line 
in distinction from the line of no pressure, or vacuum line. 

The distance between these lines depends on the scale used in measuring^ 
pressures, thus, if ^/u inch of vertical distance be taken to represent one 
pound pressure, the distance between the lines will be .1 X 14.7 » 1.47 inch. 

loo n I — [' K — 71 — T 

90 
uj80 
<70 
«r>60 
g50. 

ID 

in 40 
«/) 

g30 

>4.7 
10 




Fig. 67. — ^To describe tiie hyperbolic curve for expansion, 2nd method: Draw the sero 
line A B ■■stroke, and extend it to C, making A C ^clearance. Take the distance C C'v 
admission pressure, and at the point of cut oft D, erect the perpendicular D D', giving the 
admission une A' D'. Extend C/ D', and lay off any number of points 1, 2. 3. etc. Prom C^ 
draw radial lines, Cl, C2, C3, etc. Draw horizontal lines through 1'. 2\ 3', etc., and vertical 
lines through 1, 2, 3. etc. Their intersections 1", 2", 3", are pomts on the hyperbolic curve. 



♦NOTE.— Co«/ifM«rf. 

ordlnates. — ^If X and Y, be two intersecting axes, X, being the axis of abscisss, and, Y, the 
axis of ordinates, then, the distance of any pomt P, from the Y axis, measured parallel to the axis 
of X\ is called the abscissa of the point; also, the distance from the X axis, measured parallel 
to the Y axis is called the ordinate. The abscissa and ordinate taken together are called the 
co-ordinates of the point P. 
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yics. BS «nd ee. — Appeanmce of equilateral hyperbola. 1, oi riferred to ill rttlatiuiar aits, 
ta. 68, und 1. HI relcrrtd to ili rr1f^x-f— luymploia. 6^. 66, one branch of the hyporbola 

G«UI1^s It wiU be n^S that fie. ee is the BHme u E^. BS. mtand through 45 degreea, tficgenenl 
method of constructing the ^perbole in fig. 6S. » shown in fig. 70, and othci method* id the 



Fig. 70, — To describe nn equilateral or rectangular hyperbola referred to its rectangular 
aiymptotcs. General method: Draw the siis of volumes, or hoiizontHl uymptote X X'. 
and the aus of pressures, or vertical asymptote Y Y', eutUng X X'. at O, or hyperSoUc center. 
Through O, draw MS, at 45° to XX', Take any point on M S, as B, and with radius OB, 

perpendicular cutting YY', at D, giving O' D, the direetrii. With O D, as radius describe 
a e&cle cutting M S, at P and F': these points are the foci of the hyperbola. On M S, take 
■07 number rf point* 1. 2, 3, etc.. and from F, and P' as cenlen, with Al. BI. A2, B2. etc., 
u radii, describe arcs cutting each other in 1'. 2', 3', etc., and 1". 2". 3", etc., through which 
poinU the branch H B G. of the hyperboU is described. Similarly, the other brancE HAG, 
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If steam be admitted at say, 100 lbs. per square inch ahsoluU pressure 
when the piston is at P, and the supply contmued at constant pressure 
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Pig. 71. — ^Theoretical card or diagram showing the theoretical advantage of using steam 
expansively. 



Pig. 70. — Continued. 

and conjugate hyperbola shown in dotted lines may be described, but for the purpose in view, 
only one branch H B 6 need be described. It is a property of the hyperbola referred to its 
rectangular asymptotes, as above, that if one asymptote as XX', be taken as an axis of 
voltmies and the other an axis of pressures measured from the intersection O, then for any 
point on the curve as B, tiie product of its distance from Y Y', multiplied by its distance frcMn 
X X', ^constant, that is B V XB P »cqnstant, or pressure Xvoliune ^constant which is in 
accordance with Boyle's law. 
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for one-quarter of the stroke, namely, till the piston reaches E, as shown, 
this may be represented in Uie diagram by the horizontal Kne AB, drawn 
at a height corresponding to 100 lbs. pressure. 

Now, if the steam be released, the pressure will fall to that of the atmos- 
phere as indicated by the line BE, and the work done for each sgwure inch 
of piston area, will be equal to the area of the shaded rectangle ABEP, or 
M, because 

{toad) {distanc4 nunHd) (ar«0) 

workdone^ AP X FE -ABFE 

If, instead of exhausting the steam when the piston has made only 
one-quarter stroke, the supply previously admitted be retained in the 
cylinder without any additional supply, and be allowed to eoqMnd^ the 



ACTUAL OUftKAM 
■I LOSSES 




7iG. 72. — Comparison of theoretical and actual diagrams illustrated by solid black section 
in the actual engine which reduce the theoretical gain due to expansion. 

curve of expansion BC will represent the gradual fall of pressure during 
the expansion. . 

At the end of the stroke, the absolute pressure C, due to the expansion 
is called the terminal pressure. At this point, the steam is released and its 
pressture falls to that of the atmosphere and then it is exhausted as in- 
dicated by the line CD. 

The gain due to expanding the steam will be clearly seen by noting the 
size of the four sided figure BCDE, or S, as compared with the shaded 
figure M. This area S, represents the work done by the steam in expanding 
just as the shaded area M, represents the work of the steam during admission, 
the exact amotmt of gain being determined by measuring the areas of M 
and S, and dividing the combined area of the two by the area of M, that is, 

gain by expansion = ^ 

M 

The method of measuring these areas will be explained later. 
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To illustrate the great waste which re- 
sults in admitting steam to the cylinder 
the full length of stroke, as in the case <k 
the ordinary st«am pump, it may be 
assumed that instead of cutting off the 
supply at B, it be continued at the same 
pressure to the end of tlie stroke as rep- 
resented hy the dotted line BG, 



rtn 



V the St 



will fall to that of the atmosphar. .._ .._ 
dicatedbythe line GD and the work done 
during the stroke will be represented by 
the area of the rectangle AGDF. 

The increase in power secured by ad- 
mitting steam for full stroke instead of 
cutting off at one-quarter stroke and ex- 
panding, is indicated by the area of the 
three sided figure BGC. To obtain this 
increase in power, it should be noted, 
requires four times the amount of steam 
as when cutting off at one-quarter stroke 
and expanding. 

By comparing the areas of the figure, it 
will be seen that in admitting steam for 
full stroke, the steam consumption is ei- 
ces^re, and i^t out of proportion to the 
gain in power. 



■ Gut <M.— When steam is used 
expansively in a cylinder, it is ad- 
mitted during a portion of the stroke 
at a constant pressure, and then the 
supply suddenly discontinued. That 
point of the stroke in which this 
occurs is called the cut off* and is 
usually expressed as a fraction of the 
stroke, thus H, H. etc. 



^imosflv en 



'NOTB.^Thii ii the mapa 
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Number of Expansions. — ^The degree in which steam is 
expanded is expressed in terms of the original volume, thus, four 
expansions mean that steam has been expanded to a volume 
four times as large as its original voltmie. The ntmiber of 
expansions is* determined by the cut off. 

Rule 1* Number of expansions equal one divided by the cut off. 



ATT OFF 




m::i 



Fig. 70. — Diagram illustrating initial ^ressttrg. This is the pressure in the cylinder aiihehe' 
ginning cf the stroke and on the theoretical diagram is assnmed to remain constant up to the 
point of cut of. Some initial pressures: Atmospheric engines. lbs. gauge; low pressure 
engines, 20 lbs.; early walking beam marine engines, 25 lbs.; later types 50 to 75 lbs.; 
stationary engines, 50 to 250 lbs.; marine screw engines, 80 to 250; looomotiyes,150 to 275: 
locomobiles and special engines, 250 to 500 lbs. 

Thus, if steam be cut off at one-quarter stroke, 

4 
number of expansions =»l + Ji«lX-Y""4. 

Rule 2. — Number of expansions equal absolute pressure at cut 
off dirnded by terminal pressure. 

Thus if steam be expanded from 100 lbs. absolute cut off pressure to 20 
lbs. absolute terminal pressure, number of expansion » 100 +20 » 5. 
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Initial Pressure* — ^This is the pressure at which steam is ad- 
mitted to the cylinder, and should not be confused with the boiler 
pressure.* It is theoretically the same as the cut off pressure, 
but in practice may be quite different. 



C A' 



TERMINAL PRESSURE 
PRE-PELEA5E. 




LOSS DUE 70 
PRE-RELEASE 



Fig. 77. — ^Diagram tUustratms UrmimU pressure. The valve rar of a steam engine is so 
constructed that exhaust begins before the piston has completed the stroke, that is, the 
steam is pre-reUased when the piston is near the end of the stroke, so that (especially in the 
case of high speed engines) the pressure of the steam in the cylinder will be reduced as near 
as possible to the eiuiaust pressure at the beginning of the exhaust stroke. Theoretical 
calculations, however, are simplified by assuming that exhaust does not begin till the end 
of the stroke. Accordingly the pressure at that point due to expansion, called terminal pressure, 
may be defined as the imaginary pressure that would exist in the cylinder at the end of the 
stroke if the steam were expanded to this point instead of being pre^eUased. Some terminal 
preaaurea: Single cylinder non-condensing 25 to 20 lbs. abs., condensing 20 to 12; multi- 
cylinder condensing 12 to 5 lbs. abs. 

*NOTB. — ^In practice the initial pressure is always less than the boiler pressure because 
of the resistance offered to the flow of steam through the steam pipe, engine ports and passages, 
especially where the engine is at some distance nx>m the boiler and the steam line contains 
numerous elbows: these conditions and condensation all contribute to cause drop in pressure 
between boiler and engine. In ordinary plants this drop is usually two or more pounds. It 
should be noted in applying Boyle's law that absolute Pressures should be used. Thus, 00 lb. 
gauge boiler pressure with 2 lb. drop would give 90+14.7 — 2 <- 102.7 lbs. absolute initial 
pressure. 
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Ques. In theoretical calculations what assumption 
is made in regard to the initial pressure? 

Ans. It is asstuned to remain constant dttring admission, 
that is to the point of cut off. 

•l0OXIO*l,00O EXPANSION CONSTANT 
•^\5»6^^ LB5. 
1,000 -^ 20 » 50 LBS, 

/ 1,000 i- aS«40 LBS. 

\ IjOOO-^SO^SSHlLBS 




10 15 20 

VOLUME SCALE 

Fig. 78. — Diagram illustrating the expansion constant and its use. According to Boyle's 
law, i^essureXvolume'= constant. If, as indicated in the diagram, steam be admitted to 
a cylinder during 10 inches of the stroke and expanded to 30 inches, tiie expansion constant »• 
100 X 10 as 1,000, from which the pressure at any other point ''constant +vMnnu, that is, when 
the piston is at 

15 ins. 20 ins. 25 ins. 30 ins. 

of the stroke, the expansion constant -i- volume is 

1,000^15 1,000^20 1,000 -^25 1,000+30 

which is equal to 

66Hlbs. 50 lbs. 40 lbs. 33^ lbs. 

Similarly volume*^ constant ■¥ pressure, that is, when the pressure due to the exi>ansion is 

66Hlbs. 50 lbs. 40 lbs. 33K lbs. 

the expansion constant ■¥ pressure is 

1,000 -4-66H 1,000 -J-50 1,000 -^40 1,000 +33H 

which is equal to 

15 ins. 20 ins. 25 ins. 30 ins. 



Terminal Pressure. — If steam he expanded to the end of the 
stroke, the pressure at that point is called the terminal pressure. 
It is determined from the initial pressure and the number of 
expansions. 
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Rule. The iermituU pressure equals the initial pressure divided 
by the wumber of expansions. 

Thus, if the initial pressure be 100 lbs. absolute, and the number of 
terminal pressure — 1004-4— 2S lbs. absolute. 



c be 100 lbs. gauge, and the number of 

xpansions be 4, what is the terminal gauge pressure? 
100 lbs. Eauge-100+14.7-114.7 lbs. absolute. 



>9 gauge. 



Fig. 79.— Diisnun niustntinc d«t d( «p«ndingta ■ terminal prosurcteu than ,thcei]uiut 

to A, bdcnr the e^uiut line, giving the negmtive area S. which moat be nbtncleiKroniM, 
to obtain tin «ffective work area. 

Expansion Constant. — To determine the pressure at any 
point of the stroke, use is made of a constant found by multi- 
plying the volume of steam at cut ofiE by the initial pressure. 

For instance, if steam at SO lbs. absolute pressure ba cut oS when the 
piston has moved 10 inches of the stroke, then 

volume Xpressure — constant 
Bubstituting the above values 
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Rule. The pressure at any point of the stroke equals the ex- 
pansion constant divided by the volume at that point. 

Thus, ^en the piston has passed through 20 inches of the stroke 
the pressure at that point is 

800-t20°4D n>E:. absolute. 

Rule. The volume corresponding to any pressure is equal to 

the expansion constant divided by the pressure at that point. 

Thus when the pressure has decreased to 40 lbs. absolute, the vcdume 
corresponcUng as measured by the piston movement is 
800-1-40-20 inches 




Pigs. 80 and 81.— Theoretical c»ras-inu8tniting mean teriHirdpiwmuro and back pi 

Tbs tno carda are llie same as Che card in & TS. If in Rg. 78 an ordinate be drawo through 
the middle of each of the areas CDC D'. D' H P D, etc.. they will appear in fig. 80 aaffie 
dotUd vertical lines A B. C t>. E P, etc. The meoR toraardpre—un represented by the 

that is, their sum divided by the number, and moltiplied by the pressure sc^. or 
(AB+CD+EF+GH+IJ) 



- Xprenura Kale. Similarly in fig. 81. lAe back prti 

length L L' X pressure 



_ A' B + C D + E' F+G' H+t' J 
le length, back pressure ■ height of £ 



Mean Effective Pressure. — In the diagrams, figs. 82 and 
83, the effective pressure which tends to move the piston fe 
clearly the difference between the steam pressure acting on one 
face of the piston and the atmospheric pressure acting on the 
other face in the opposite direction. 
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If steam be expanded as in the diagram, its pressure will vary, hence it 
is necessary to find an average or mean Preittwe which shall be the equivalent 
of this varying forward pressure. 

The mean elective pressure is equal to the difference betweea 
the mean forward pressure and the mean back pressure. That is, 
the mean effective pressure, or 

M.E. P. ^mean forward presswre—mean back pressure.* 



Pigs. 83 und BJ.—TIiaantical cardt muttnting nuan flTKHw pr—um df. 82, contUmt 
bAc3c pnuun; fig. 83, vftnable back preiure. Sinca tha back preuure djnctly oppoaBB 
the fonrard prcanirv, evidontlv tha net or actual prctture taodms to mova a piston, or 
mean eSactiva pnnira ii the diffennca betimn theae tHopKaauRi. Chat is. M. £.>. -nwaw 
foneard priiniri — baik fismrt. In %, 80 tha meanfanvaidpnanira isfisured from the 
area M. and in fia. SI, the back prenureirom tlie ama S, hence, tha mean cncctLve preaaura 

vknt iJii back fresMuti ii eimiliHit. Where compreaiion ii taken into account, aa in Bg, S3, 
evidently M. E. P.^mtan farmird trissuri — mtan tack iprcMwa, but in the figure, ths 
mean back preuure ii figured fiom area S +aTea S', hence, in ttaii caae M. E. P. dependi on 
the difference between area M in fig. SO and aieai S +S' in fi<. S3, and living th« area M" 
when averaii ordinate-Xttuturt ualt-U. E. F. 

If the distance of all points on the expan^on line from the vacuum line 
be measured, and the sum of these distances be divided by their number, 
the quotient will equal the mean forward pressure; from which is deducted 
the back pressure, bolk in pounds absolute, and the result will be the mean 
effective pressure. 

■NOTE.— In tha theoretical card, fig, 82, the backprHnireS. il conrtant.butinpnwtice 
it vaiiea. hence in the actual cartl, the mean effective presiure -mean fotward preoure — hkoii 
baek prcAnire- It ihould be noted that in a theoretical card, taking into account compreaaton^ 
the Huofi back pTcasuTe muit be subtracted from the mean lorWard pitaauit to obtain tha 
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Hyperbolic Ix>^rithm8. — In the diagram, fig. 84, the exact 
value of the area S, may be readily obtained by referring to a 
table of hyperbolic logarithms; for, since the curve of expansion 
is an hyperbola, the hyperbolic logarithm of the number of 
expansions expresses the relation between the area S, during 
expansion and the area M during admission. That is, if 
admission area lA'^ unity 



?\a. 84. — Reproduction in partot Sg. Tl.ihonias the application of the hyixiixtlie locaiithm 
in fiw^■ng the owaa eff«ctiv« preuurvt- 

expansion area S= hyperbolic logarithm 
Mid 

total area M+S = l+ hyperbolic logarithm 

Thus, if steam be cut off at one-quarter stroke, it is expanded to 4 times 
its original volume: then if the area during admission = 1, the area during 
expansion = the hyperboUc logarithm o£ 4. 

Now, turning to the table of hyperbolic logarithms on page 71, the 
lm>. log. of 4 is 1.3863, This is the theoretical gain by expansion, that is, 
if I represent the work M, done before expansion, the work S, done during 
expansion is 1.3863 times greater than the work M, dcoie befcwe expansion. 
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The total work done during the stroke is equal to 

M +S « 1 +hyp, log, 4 « 1+1.3863 =2.3863 
Hence, over twice the work is done by admitting steam one-quarter 



Table of Hyperbolic Logarithms 



No. 


Hjrp. log. 


No. 


Hyp. log. 


No. 


Hyp. log. 


No. 


Hyp. log. 


1.1 


0.0953 


4.5 


1.5041 


7.9 


2.0669 


19.0 


2.9444 


1.2 


0.1823 


4.6 


1.5261 


8.0 


2.0794 


20.0 


2.9957 


1.3 


0.2624 


4.7 


1.5476 


8.1 


2.0919 


21.0 


3.0445 


1.4 


0.3365 


4.8 


1.5686 


8.2 


2.1041 


22.0 


3.0910 


1.5 


0.4055 


4.9 


1.5892 


8.3 


2.1163 


23.0 


3.1355 


1.6 


0.4700 


6.0 


1.6094 


8.4 


2.1282 


24.0 


3.1781 


1.7 


0.5306 


5.1 


1.6292 


8.5 


2.1401 


25.0 


3.2189 


1.8 


0.6878 


6.2 


1.6487 


8.6 


2.1518 


26.0 


3.2581 


1.9 


0.6419 


6.3 


1.6677 


8.7 


2.1633 


27.0 


3.2958 


2.0 


0.6931 


5.4 


1.6864 


8.8 


2.1748 


28.0 


3.3322 


2.1 


0.7419 


6.5 


1.7047 


8.9 


2.1861 


29.0 


3.3673 


2.2 


0.7885 


5.6 


1.7228 


9.0 


2.1972 


30.0 


3.4012 


2.3 


0.8329 


6.7 


1.7405 


9.1 


2.2083 


31.0 


3.4340 


2.4 


0.8765 


5.8 


1.7579 


9.2 


2.2192 


32.0 


3.4657 


2.5 


0.9163 


5.9 


1.7750 


9.3 


2.2300 


33.0 


3.4965 


2.6 


0.9565 


6.0 


1.7918 


9.4 


2.2407 


34.0 


3.5263 


2.7 


0.9933 


6.1 


i.8083 


9.5 


2.2513 


35.0 


3.5553 


2.8 


1.0296 


6.2 


1.8245 


9.6 


2.2618 


36.0 


3.5835 


2.9 


1.0647 . 


6.3 


1.8405 


9.7 


2.2721 


37.0 


3.6109 


3.0 


1.0986 


6.4 


1.8563 


9.8 


2.2824 


38.0 


3.6376 


3.1 


1.1312 


6.5 


1.8718 


9.9 


2.2925 


39.0 


3.6636 . 


3.2 


1.1632 


6.6 


1.8871 


10.0 


2.3026 


40.0 


3.6889 


3.3 


1.1939 


6,7 


1.9021 


10.5 


2.3513 


41.0 


3.7136 


3.4 


1.2288 


6.8 


1.9169 


11.0 


2.3979 


42.0 


3.7377 


3.5 


1.2528 


6.9 


1.9315 


11.5 


2.4430 


43.0 


3.7612 


3.6 


1.2809 


7.0 


1.9459 


12.0 


2.4849 


44.0 


3.7842 


3.7 


1.3083 


7.1 


1.9601 


12.5 


2.5262 


45.0 


3.8067 


3.8 


1.3350 


7.2 


1.9741 


13.0 


2.5649 


46.0 


3.8286 


3.9 


1.3610 


7.3 


1.9879 


13.5 


2.6027 


47.0 


3.8501 


4.0 


1.3863 


7.4 


2.0015 


14.0 


2.6391 


48.0 


3.8712 


4.1 


1.4110 


7.5 


2.0149 


15.0 


2.7081 


49.0 


3.8918 


4.2 


1.4351 


7.6 


2.0281 


16.0 


2.7726 


50.0 


3.9120 


4.3 


1.4686 


7.7 


2.0412 


17.0 


2.8332 






4.4 


1.4816 


7.8 


2.0541 


18.0 


2.8904 




• 



NOTE. — ^Hyperbolic or Naperian logarithms are common logarithms multiplied by 
2.3025861. 
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stroke and expanding four times than by admitting steam one-quarter 
stroke and exhausting at that point into the atmosphere. 

If the distance F E be called 1, then 4 expansions P D ■=4. . Now, if the 
total area M+S, be divided by F D, or 4, it will give the height of a rectangle 
whose area =M -hS, and the height of this rectangle will represent the mean 
effective pressure, hence: 

Rule. — To find the mean effective pressure, multiply the initial 
pressure in lbs. absolute by 1+hyp. log, of the number of ex- 
pansionSy and divide by the number of expansions, ^rom the 
quotient, subtract the absolute back pressure. 

In the form of an equation the mean effective presstire or 

., ^ -. initial pressure abs,Xl'^hyp,loi,no. of expansions - ,^ , 

M .E.P . « r 7— ~ — ' — ^ oack pressure abs, 

number of expansions 

or, expressed in the usual symbols 



It should be remembered that the initial pressure P, and 
back pressure B. P., are taken in lbs, absolute. 

Example. — ^What is the mean effective pressure, with 80 lbs. initial 
gauge pressure, one-third cut off, 16 lbs. absolute back pressure? 

Initial pressure absolute « 80 +14.7 -94.7 lbs. 

Number of expansions =» 1 -s-^/t — 1 XVi ■"3. 

Hyp. log. of 3 (from table page 71) -1.0986. 

1+hyp. log 3 = 1+1.0986=2.0986. 

HIT ^.^ 9 4.7 X 2.0986 -^ kaoiko 
Mean effective pressure «—: ^ lo =60.2 lbs. 

Ques. In the operation of an engine is there as much 
advantage from working steam expansively as the above 
calculations indicate? 
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Ans. No; it is not possible in steam engines to convert all the 
^mergy of the steam into useful work. There are various losses 
due to leakage, radiation, condensation and other causes, all of 
which tend to make the actual mean effective pressure obtained in 
an engine less than that calculated, as shown in fig. 85. 





Table for Finding Mean Pressure 




Number 
of 


l+hyp. log.r 


Number 
of 


1 +hyp.' log. r 


expansions 


r 


expansions 


r 


1.0 


1.00 


11.0 


0.309 


1.5 


0.037 


12.0 


0.290 


2.0 


0.847 


13.0 


0.274 


2.5 


0.766 


14.0 


0.260 


3.0 


0.700 


15.0 


0.247 


3.5 


0.644 


16.0 


0.236 


4.0 


; 0.607 


17.0 


0.226 


4.5 


0.656 


18.0 


0.216 


6.0 


a. 522 


19.0 


0.208 


5.5 


0.492 


20.0 


0.200 


6.0 


0.466 


21.0 


0.192 


7.0 


0.421 


22.0 


0.186 


8.0 


0.385 


23.0 


0.180 


9.0 


0.366 


24.0 


0.174 


10. (0 


0.330 


26.0 


0.169 



How to Use the Table. — ^The mean presstire is obtained for 
any number of expansions by multiplying the initial presstire 
absolute by the factor given. 

Example. — ^What is the mean pressure of steam for 100 lbs. initial gauge 
presstu-e, and one-quarter cut ofx? 

100 lbs. gauge pressure = 100+ 14.7 « 114.7 lbs. absolute pressure; 
Jicut-off =» 1 •«- Ji » 4 expansions. 

In the table the factor for four expansions is .697, from which the mean 
pressure is 

114.7X.597-68.51bs. 

To find the mean effective pressure, the dbsoltUe back pressure is subtracted 
from the mean forward pressure just obtained. 
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Thus in the example just given, if the engine be running non-condensmg, 
and ^diausting against a back pressure of 2 lbs. gauge, then the absolute 
back pressure =2+14.7 » 16.7 and the mean effective pressure » 68.5 — 16.7 
=5L81bs. 

Again, if the engine be running condensing with a 28 inch vacutmi, the 
absolute pressure corresponding to this vacuum is, from the steam table 
on page 40, .946 lbs. absolute, and the mean effective pressure is 

68.5 — .946 =67.55 lbs. 



Diagram Factor. — ^Prom the answer to the last question, 
(page 73), it is seen that no such results are obtained in the 

PRE-A0MI5SION LOSS 

A ^ -LOSS BETWEEN BOILCR AND ENGINE 

^OMISSION LOSS 

LOSS DUE TO DROP AT CUT OFF 
AND CONDENSATION 

RE-EVAPORATION GAIN 

PRE-RELEASE 
LOSS 




INITIAL 
EXHAUST 
jJ'LOSS 



Fig. 86. — Comi>arison of theoretical and actual cards showing the various losses which tend 
to reduce the area of the actual card, makiog it in some cases considerably less than that of 
the theoretical card. In the figure. A B C D EA. is the thebretical card and A' B' QfD'WV A', 
the actual card, in practice, an initial loss occiirs in getting the steam from the boiler to the 
engine making the beginning of the actual card at A' instead of A. During ndmiBuion, the 
pressure drops because of friction through ports and passages, becoming verv pronounf^ed 
at cut off by "wire drawing." During expanaion, the curve at first is below the theoretical 
because of loss of pressure at cut off, later condensation, and re-evaporation causes it to 
rise slightly above before pre-release. During pre-releaae the pressure drops very quiddy, 
but does not reach exhaust pressure until the piston has begun tne exhaust stroke. During 
exhauBt, the pressure is always greater in the cylinder than the external backpressure of 
the atmosphere or condenser. During, eompreaaion, sometimes considerable area of card is 
lost. During pr^'odnxi—ion the steam is retarded in rising to admission pressure because 
of wire drawing, this loss during tiiis i>eriod is verjr small, and in some cases not noticeable 
especially if there. Ub liberal lead because tlie piston is practically stationary. 

actual engine, as in theoretical calculations. The diagram, fig. 84 
is known as a theoretical (indicator) card and represents a perfect 
performance, assuming hyperbolic expansion, that is, if the valves 
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could open and close 
instantly, avoiding 
"wire drawing" or 
loss of pressure while 
not fully open or 
dosed. 

If there were no con- 
densation, or any other 
condition causing a. loss 
of pressure, the diagrani, 
fig. S4, would represent 
the performance of an 
engine working under 
Budi conditions. 

In practice,, as be- 
fore stated no suck 
results are possible, a 
diagram of less area 
. (which means less 
work) being obtain- 
ed. This diagram is 
obtained by means of 
an indicator and is 
called the actual or 
indicator diagram to 
distinguish it from 
the theoretical dia- 
gram which is con- 
structed from the 
calculated perform- 
ance. The relative 
value of these dia- 



by a coefficient 



nese aia- i 
expressed 
fficient I 
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called the diagram factor, which may be defined as the ratio 
of the actual card airea to the theoretical card area, that is 

area of actual card 



diagram factor = 



area of theoretical card 



Remembering that the work represented by the actual card, that is, 
its area, is always less than the area of the theoretical card, it must be 
evident that if an eng|ine cylinder be proportioned for a certain horse power, 
based on mean effective presstire of the theoretical card, it win, when btult 
and tested,, develop /e55 power because of the various conditions before 
mentioned which tend to reduce this pressure, or theoretical mean effective 




Pig. SS.*— Theoretical and "expected" cards of Corliss engine operatingunder conditions given 
in example on page 07. After drawing the theoretical card A B C I> E, to correspond with 
the ^iven operating condition, the designer inscribes or sketches within the expected card 
snaking sucn allowance for the various losses as his experience and judgment dictates. 
Tlie M. £. P. can be obtained, 1» by finding the diagram factor and multiplying^ it by the 
theoretical M. E. P., or 2j by finding the expected M. E. P. direct from the expected card. 
Clearly, the first method would be a waste of time, unless, the designer desire to check the 
accuracy of his judgment by comparing the diagram factor, with diagram factors of other 
similar engines already built and operating under similar conditions. 

pressure as it is called. Accordingly, since the power developed by an engine 
at any given speed is directly proportional to the mean effective pressure 
actually obtained in operation, tne designer, after constructing a theo- 
retical card for the working conditions of initial pressure, cut off, etc, 
desired, and finding the theoretical mean effective pressure from this card, 
multiplies this by the diagram factor corresponding to the type of engine 
being designed. The value thus obtained is called the expected mean 
effective pressure^ because the diagram factor, being obtained by comparing 
the indicator card of a large number of engines of a similar type working 
under similar conditions with the theoretical card, and therefore repre- 
senting the allowance which must be made for the various conditions 
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tending to reduce the theoretical mean effective pressure, gives, as near 
as can be calculated, the actual or ''expected" mean effective pressure, 
when multiplied by the theoretical mean effective pressure. 

Example* — ^The theoretical mean effective pressure of a given theo- 
retic^ card is 40 lbs. What mean effective pressure must be used in de- 
signing an engine to develop a given horse power from the theoretical card 
if the diagram factor be J85? The mean effective pressure to be used in 
obtaining the cylinder dimensions^ or 

expected M. E. P. »40X.86-34 lbs. 

It should be noted that if the diagram factor were disregarded and 

40 lbs. taken as the M. £. P., then the actual engine, if calculated for* 

say, 100 horse power at 300 revolutions per minute, would develop ap- 

iiroximately only 

34 
lOOX^T*** 86 horse power 

being 100 — 85 » 15 horse power short of the calculated power. 

If the theoretical mean pressure be calculated, and the necessary cor- 
rections made for clearance and compresston, according to Seaton the 
expected mean effective pressure may be foimd by multiplying the results 
by the factor in the first column of the following table: 

Diagram Factors 

Particulars of Engine 

Expansive engine, special valve gear, or with a 

sqparate cut off valve, cylinders jacketed * . . 

Expansive engine having lai]ge ports, etc., and good 

ordinary valves, cylinders jacketed ; . .. 

Expansive engines with the ordinary valves and gear 

as in general practice and unjacketed 

Compound engines, with expansion valve to H. P. 

cylinder; cylinders jacketed, and with large 

ports, etc 

Compound engines, with ordinary slide valves, 

cylinders jacketed, and good ports, etc. . • • . • 

Compound engines as in general practice in the 

merchant service, with early cut off in both cylinders 

without jackets and expansion valves 

Triple expansion engines, with ordinary sUde valves, 

good' ports, unjacketed, moderate piston speed. . . . 
Past running engines of the type and design usually 

fitted in war ships. 



Diagram Factor 


.04 


*9 ' 


.9 to .92 


.8^ to .88 


.8 to .85 


.77 to ,82 


.9 to .92 


<86to.8S 


.8 to .85 


.77 to .82' 

» 

• 


.7 to .8 


1 

.67 to ,7T 

> 


.65 to .7 


.62 to .67 


.6 to .7 


.58 to .67 
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If no correction be made for the effects of clearance and compression, 
and the engine is in accordance with general modem practice, the dearance 
and compression being proportionate, then the theoretical effective mean 
pressure may be found by multiplying the results in the last column by .96» 
giving the values in the second column. 

Horse Power. — ^This unit, as before stated was introduced 
by James Watt to measure the power of his steam engines and 
which he considered as being the power of a strong London 
draught horse to do work for a short time. This he estimated 
to be equal to 33,000 foot pounds per minute.* One horse 
power then, or 

one H. P. =33,000 A Ws. per minute 
which is the accepted standard. 

According to definitions, and the manner in which it is determined, 
horse power may be classed as 

1. Nominal (N.H. P.); 

2. Theoretical (T. H. P.); 
B. Indicated (I. H. P.); 

4. Brake (B. H. P.); 

5.S. A. E.; 

6. Electrical (E. H. P.); etc 

Nominal Horse Power. — ^In the early davs Watt, according to Seaton, 

found t^t the mean pressure usually obtained in the cylinders ol his en^es 

w as 7 Ib^ . per sq. ins. He had also found the proper piston speed at 128 X 

-^stroke per minute, and his engines were arranged to work at this speed, 
so that he estimated the power which would be developed when at work to be 

tN. H. P.-A X 7 X 128 X ^>^ 



*NOTE. — ^James Watt was early asked by woold be purchasers as to how many hones 
his engines would replace. To obtain data as to actual performance in conlinuoms work, he 
experimented with powerful brewery horses, and found that one traveling at 2^ miles per hour, 
or 220 feet per minute, and harnessed to a rope leading over k pulley and down a vertical shaft, 
could haul up a weight averaging 100 lbs., equaling 22,000 foot pounds per minute. To give 
good measure. Watt increased the measurement by 50 per cent., thus getting the familiar unit 
«f 33,000 fool Pounds per xhinute. 

tNpT£.-~-The power calculated by the formula above was called "nominal," became 
the engine was described as of that power, and in practice that power was actually obtained, 
however, when the boiler could be constructed so as to supply steam above aitmosplieric 
pressure, and the engine was run with m<>re strokes per minute than before, the power devuoped 
exceeded the nominal power, thus causing the noxninal horse power rating to be discontintted. 
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in which A*«area of piston in sq. ins.; S«» number of strokes per minute. 
The term nominal horse i>ower is now obsolete and is only of historical 
interest. 

Indicated hone power. — ^This is the actual power developed by an engine 
as calculated from the indicator catd. It should be understood that it repre- 
sents the i>ower developed at the instant the card was taken, and not 
necessarily at any other instant*. It should be carefully noted that the 
indicated horse i>ower of an engine does not represent the power ddivered, 
being in excess of the power delivered by an amount eqtial to the i>ower 
lost by friction in the engine. 

Brake Horee Powerm — By definition, the actual power delivered hy an 
engine as determined by a brake test. This is sometimes called the delivered 
horse power ^ and is always less than the indicated horse i>ower by an amount 
equal to the power absorbed by fraction in the engine, f 

S. A. E. Hor%e Power. — In order to reduce all automobile engines to a 
common basis of rating for determining the dass of license required, the 
commissioners of motor vehicles have adopted a rule known as the S. A. £. 
horse power formula, and which assumes that all gas engines will deliver 
or should deliver their rated power at a piston speed of 1,000 feet per minute, 
mean effective pressure of 90 lbs. per sq. ins., and mechanical efficiency 
of 75 per cent. It should be tmderstood that a formula based on such data 
is worthless for obtaining the actual horse i>ower of an engine and should 
only be used for the purpose for which it is intended. 

Electrical Horee Power. — It is desirable to establish the relation be- 
tween watts 3nd foot pounds in order to determine the capacity of an dectric 
generator or motor in terms of horse power. 

One watt is equivalent to one joule per second or 60 joules per minute. 
One joule in turn, is equivalent to .7374 ft. lbs., hence 60 joules equal: 

60 X .7374 = 44.244 ft. lbs. 



*NOTE. — It should be understood that in operation the power developed is continually 
varying, and, very strictly speaking, may be said never to be the same during any appreciable 
interval of time. 

tNOTE. — ^The ratio between the indicated and brake horse power of an engine, that is 
brake horse power -r- indicated horse power represents the mechamcal efficiency of the engine: 
this should not be confused with the thermal efficiency, or heat units converted into useful 
work -h heat units supplied to the engine. 
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^,000 4- 44.244 - 746 watts. 
%^= .746kilowatts-(K. W.) 



Fig. SS. — Diienm illiutntiDa why the dccim&l .7SH ii ual to find the ana of ■ circle. It 
tb* iquen bs divided into 10,000 piirti or cdiiiU Hjiuun. « circle beviiu « diunetcr D, eqiul 
to A nde of th« lATffe iquare will contain 78M email Huarei, heace» ifthe area of the large 
•qUBie be 1 aq. in., tlien the ana of the cinle will be TSM-i- 10,000 or .TSM m. int., that u. 
•Teaoftbednlei>.TSMXOl*.TS51XDxD>.7SMXlXle>.T8HMi.iiit. 



How to Calculate Horse Power. — There axe various fonnute 
for calculating the power of engines, and the student should 
endeavor to understand the principles upon which they are 
based rather than simply committing them to memory. Before 
t aWtig up these formulae a few preliminary considerations are 
necessary. 

Ques. Why Is the decimal .7854 used to ascertain the 
area of a circle or piston? 
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Ans. Because it represents the relation between a circle 
and circumscribed square. 

This relation is clearly shown in fig. 89. 

Ques. What is understood by the term piston speed? 

Ans. It is the total distance traveled by the piston of an 
engine in one minute — ^not the actual velocity at any given 
instant of time. 

Ques. How is the piston speed obtained? 

Ans. RULE : Mtdtiply twice the number of revolutions per 
minute by the stroke of the engine in inches and divide the 
product by 12 to reduce to feet. 

Thus, an engine having a stroke of 6 inches and running 500 revolutions 
per minute is said to have a piston speed of 

2X6X500^gQQ ^^^ minute. 

12 

Ques. What is the usual method of calculating the 
horse power of an engine? 

Ans. RULE: Multiply the mean elective pressure in lbs. per 
square inch by the area of piston in square inches and multiply the 
product by the length of stroke in feet, and by the number of strokes 
per minute (twice the number of revolutions) ; divide this last product 
by 33,000 and the answer will be the horse power J or a double 
acting engine. 

This method which is very generally used is expressed as a formula as 
follows: 

jx p ^ 2XPXLXAXN 2 (.7854D«) PLN ... 

' ' 33,000 " 33,000 ^ ^ 



NOTE. — Hor9€ power expnued in thmrmal unite, — Since 1 B. t. u. is equiyalent to 
777.52 ft. lb«. (Marks aad Davis), and out horse power » 33,000 ft, lbs. per minute, then 
OIM hars4 power - 33.000 + 777.52 - 42.44 B. t. u. per minute. 
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in which 

P»mefin effective pressure in lbs. per sq. ins.; 

L= length of stroke in Jeet; 

A B area of piston in sq. ins. = .7854 X diameter of piston squared; 

N= number of revolutions per minute; 

D = diameter of piston. 

It should be noted that the numerator represents the total ft. lbs. done 
by the engine in one minute; the figure 2 is introduced because in the double 
acting engine there are two power strokes each revolution. The denomi- 
nator or ^,000 is the foot potmds per one minute for one horse power. 

Example, — ^What is the horse power of a 5X6 engine running at 500 
revolutions per minute and 50 lbs. mean effective pressure? 

Substituting these valued in the -formula, and remembering that the 
area A of the piston = . 7854 X its diameter squared, 

__ __ 2X(.7854x5*)X50Xr2X500 ^^ ^^ 

a, r,— : j^ - • "■ ■ ^ 14.87 

33,000 

Ques. What is the objection to the formula just 
given? 

Ans. It involves a considerable waste of time in making the 
calculation. 

Since the stroke of an engine is usually given in inches instead of feet, 
and the revolutions per minute instead of the piston speed, the formula 
just given evidently involves extra calculations for these items as well as 
the extra multiplication and division introduced because of the constants. 
Its use therefore is about as laborious as multiplying and dividing fractions 
without reducing them to their lowest teims. 

The author strongly recommends that the formula just given be not used 
in the form given but reduced to its lowest terms as follows: 

_2PLAN 2XPX ^X.7854XD»XN .1309XPLDfN 

' ' 33,000 " 33,000 "" 33.00J . . 

= .000003967 PLD«N 

Usuig the constant .000004 instead of .000003966 which is 
near enough for ordinary calculations, and changing the order 
of the factors, the formula becomes 

H. P. =. 000004 D'LNP . . . (2) 
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Bxampl*' — What is the horse power of the engine in the previotis 
example (running under the same conditions), as calctdated by formula (2) ? 

Substituting the given value in (2) 

H. P.-.000004X5>X6X500X50 = 15 

Comparing the two formute, 15 h. p. is here obtained instead of 14.87, 
the error introduced by using the constant .000001 instead of .000003966, 
being only 

15 — 14.87-.13 horse power or jQQ of 1% 

This short fonnula (2) is very valuable to those irto have frequent 
occasions to calculate horsepower. The power of any engine on a basis of 
of SOD revolutions and 50 lbs. mean efFective pressure can be very quickly 



Pig. 90.— View of BnSalo •mall Tertlcat piston va 
are ring oiling and leceivo Iheir supply of lubric 

mounting them abut out all the duat and grit or 
1jU«c head forms a chamb«r to prevent conden~ 
localled "square- engine, that ia 
SX a UHi at 476 r. p. m. is rated 
pcnKf , Compare these ratings w: 
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found with this formula and the method of using it, as given below^ will 
firmly fix it in mind, though as before stated, the author does not recommend 
memorizing formulae but instead, the acquirement of a knowledge of 
principles upon which they depend. 

Now, for a quick calculation of the horse power of the engine in the 
previous example, 

1. Write down the cylinder dimensions, squaring the diameter 

(5«X6) 

2. Disregard the decimal point and write 4 instead of .000004 

4X(5*X6) 

3. Ins^i; the revohitions per minute and the mean effective pressure 

4X(5»X6)X500X50 

The i^roduct of fheae factors is the horse power when the decimal point it inaertod 
in the right place. 

4. Since the product of the first and last two factors is 100,000, dis- 
regarding the ciphers, only the factors inside the parenthesis need be con-> 
sidered to obtain the horse power, thus 

6«X6«6X6X6-160 (3) 

It remains only to insert the decimal point, which is determined from the 
sense of proportion, that is, any one familiar with engines would know that 
a 5X6 engine nmning at 500 K. P. M. and 50 lbs. mean effective presstire 
does not develop 150 h. p. as written in equation (3); neither does it 
develop only 1.6 h. p.; it must then develop 15 h. p. 

Prom the foregoing it must be evident that to obtain the 
horse power of any engine running at 500 revolutions per nunute 
and 50 lbs. mean effective pressure it is only necessary to consider 
the dimensions of the cylinder and to point off one place, or 
multiply by .1 as expressed in the following formtda, 

H. P. = .l X diameter piston* X stroke . . (4) 

diameter and stroke being taken in inches. Expressed as a 
rule the formtda becomes: 

Rule. — For 500 revolutions per minute, and 50 lbs, per sq. in. 
M. E. P., square the diameter and multiply by the stroke , both in 
inches; multiply the product by ,1, that is, point off one place. 

Ques. How is the horse power obtained by (4) for 
other than 500 R. P. M. and 50 lbs. M. £. P.? 
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Ans. By mtdtiplying the result obtained in (4) by the ratio 
between the given R. P. M. and 600, and the given M. E. P. 
and 50. 

Expressed as a formula (4) beoomes 

H. P. = (h.p. at 500 r. p. m. and 60 lbs. m. e. p.) xBiZiil: xMJ?:±i . (5) 

*^' 600 50 ^ 




$$ y//////////////////^^^^^ 



Forward ^rvke 



^eturrf Stroke 

Pig. 91. — ^Working principles of theindicator. In the figure, A. is a small cylinder screwed into 
the engine cylinder and opening into the clearance space B. C, is & piston working within A, 
against the pressure of the steam in B, by means of the tension t>f the spring. D. E, is a 
horizontal arm attached to the rod of the piston C, and carrying on its outer end a pencil 
]x>int P. G, is a carrier bar upon which a board H, canving a sheet of paper is moved back 
and forth in a direction opposite to that of the piston of the engine, by means of the spring 
L, and the lever M, the upper end of the latter being attached by a cord to the movable 
board and the lower end to some part of the piston rod such as the crosshead N. In oper^ 
ation^ assume the piston K, to be at its inner dead center o, and the clearance space B, to be 
empty. The piston C, will be down, and pencil point at P. Now, if steam be admitted to B, 
the increasing pressure will drive the piston C, upward, carrying the pencil vertically from 
P, to r, tmtil the pressure in the clearancespace is sufficient to move the piston. If this pressure 
be kept constant while the piston travels from o, to ^, and moves the board H, through a 
corresponding distance from o', to p\ the pencil will trace the line r x. But ordinarily, the 
pressure is not kept constant, the supplv of steam being stopped when the piston has 
traveled some part of its forward stroke. Assume that the supply of steam be stopped when 
the piston has traveled a distance equal to one-quarter the length of its full stroke, or to s. 
The movement of the piston from o, to z will carry the board from o\ to s', and as the pressure 
is kept constant up to this point, the pencil will trace a horizontal line from r, to s, the cut off 
Point. The continued advance of the piston will move the board towards p\ and as it will 
also increase the volume of the steam, the pressure in the engine cylinder will fall, thus 
relieving the compression on the spring D , and allowing the piston C . to descend. As the result 
of^these operations and movements, the indicator pencil will trace the line s t, the point t 
coinciding with the point P, on the diagram when the piston is at its outer dead center p, 
and the board at the limit of its backward movement p\ Driven by the stored up enezgy 
in the fly wheel, the engine piston will travel from p, to o, on its return stroke, ptuling the 
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Example. — ^A 5X6 engine at 500 R. P. M. and 50 lbs. M. £. P. develops 
15 horse power. What will be the jwwer at 

1. 250 R. P. M. and 50 M. E. P.? 

2. 500 R. P. M. and 40 M. E. P.? 

3. 400 R. P. M. and 60 M. E. P.? 

The factor in the parenthesis of formula (5) being given in the example 
as 15, the i>owers developed corresponding to the above nmning conditions 
are 

l.H.P.-15X^X»-7H. 
2.H.P..16X^X«-f-12. 

3. H. P.-WX^X^ g 14.4. 

This method is useful for mental calculation. 

Expressed as rules, the two principles upcm which the above calculations 
are based are: 

Rule. — At amstant speed, the horse power of an engine varies directly as 
the mean effective pressure. 

Rule. — At constant mean effective pressure, the horse power of an engine 
varies directly as the speed, 

Ques. Give a very short rule for finding the horse power 
of a single cylinder engine. 

Ans. Square the piston diameter and divide by 2. 



Fig. 91.— Continued, 

board from p' to </, and as no pressure exists in the cylinder, the indicator piston will remaia 
down, and the indicator pencil will trace the line t P, and thus complete the diagram, 
the ar€a of which graphicauy represents the work done by the engine per rev. It should 
be noted that for simplicity, pre-release and excess back pressure are not considered, 
steam being assumed to expand to the pressure of exhaust at I. In etctuai indicatmr9, 
the pencil arm £, referred to, instead of being attached in a fixed horizontal position to the 
upper end of the rod of the indicator piston is replaced by a system of levers which multiplies 
the motion of the piston, thus permitting the use of indicator cylinders whose pistons nave 
a smaller range of motion. Abo, the movable bcMtrd H, is replaced by a rotatable drum 
which carries the paper. A spiral spring in the interior of the drum rotates it in^a direction 
cmposite to that of the forwara stroke ^ the engine piston, the spring being jmt into a state 
of tension,, when the drum is rotated in the opposite direction, by means of a cord attached 
to the engine piston, during the return stroke of Uie latter. These substitutions allow very 
compact and efficient mechanical arrangements. 
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This is correct whenever the product of mean effective pressure and piston 
speeds 21,000, aS in the following combinations: 



Mean effective pressure 



Piston speed 



30 



700 



35 



600 



38.2 

(Approx.) 



550 



42 



500 




Pig. 92. — Indicator card showing method of finding M. E. P. by summation of ordlnates. 

First two lines are drawn perpNcndicular to the atmospheric hne and touching the cards at 
the ends as shown. On a slanting line starting at the mtersection A, of the atmospheric line 
and the vertical line, a scale is constructed uiat helps to find the desired ten subdivisions 
on the length of the diagram, and on which the mean height of each tenth is to be measured. 
The scale on the slantmg line, starting from the point of intersection A, may be made by 
setting off, first ^i inch, uien, nineK mch sx)aces, and, finally, again H inch, thus making 
the whole scale five indhes long. The end point, B, of this scale is connected by a straight 
line with the intersection C, of the atmospneric Hne, and the second vertical line, and lines 
parallel to B C, are drawn through all the other ten points of the scale, to intersect 
with the atmospheric line. After drawing vertical lines through all these intersecting points, 
- the ten mean ordinates, or pressures, can be measured, each individually, or in a convenient 
way, as a sum total, by taking off all the ordinate continuously upon a strip of paper. 
If this sum total be divided by ten, the mean ordinates for the whole magram is found. To 
find the M. E. P., tnuUipiy the mean ordinate by the scale of spring. 



Horse Power Constant. — If it be desired to make a number 
of horse power calculations of a given engine under different 
conditions of speed and mean effective pressure to show its 
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power range, it must be evident, that it would be a waste of time 
to mtiltiply the constants such as piston diameter, stroke, 
.000004, etc., for each calculation. Accordingly, if all these 
constants be multiplied, a value is obtained which is called the 
horse power constant, and to obtain the horse power in each 
case, it is only necessary to mtiltiply the horse power constant 
by the variable quantity or quantities. 

Example. — ^What is the horse power constant of a 5 X6 engine using the 
formula H. P. -.000004 D*L N P. Here .000004; D, diameter =5, and L, 
stroke » 6 do not vary, while N and P are variables hence 

; horse power constant - .000004 X5>X6». 0006 

from which the horse power of this engine at say 500 R. P. M. and 50 lbs. 
M. E. P.is 

.0006X500X60-15 

The horse power constant as just found is useful where both N and P. 
the revolutions and mean effective pressure are considered as "variables. 
However, in maldng a "horse power table" for a given engine several sets 
of calculations are made for a constant value of N or P. 'Diat is regarding 
N as constant, the horse i>ower constant would be • 

.000004 D« L P (1) 

or, regarding P as constant, the horse power constant becomes 

.000004 D«LN (2) 

The following examples show the application. 

Example* — Calculate the horse power of a 5X6 engine at 30 lbs. mean 
effective presstu^ for speeds of 100, 200, 300, 400, and 500 revolutions per 
minute. 

In this case the horse power constant is as expressed in (1) and its value is 

.000004 X5» X6 X30 - .018 

from which: for 100 r. p. m., h. p. = .018X100 = 1.8; for 200 r. p. m., h. p. — 
.018X200-3.6; for 300 r. p. m., h. p. =.018X300*5.4; for 400 r. p. m., 
h. p. «.018X400-7.2; for 500 r. p. m, h. p. « .018X500- 9. 

Example. — Calculate the horse power of the engine in the preceding' 
example at 500 revolutions per minute for mean effective pressures of 40, 
50 and 60 lbs. per sq. in. 

Here, the horse power constant is as expressed in (2), and its value is 

.000004 X5« X6 X500 » .3 

from which: for 40 m. e. p., h. p. — .3X40 — 12; for 50 m. e. p., h. p. — 
.3X50 = 15; for 60 m. e. p., h. p. -.3X60 = 18. The results obtained are 
tabulated as follows: 
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Table of Horse Power Constants 

For formula ILP. -.000004D'lNP; con«fanf-.000004D'LP 



Size of 
cylinder 






Mean elective 


preaeure 






itnchee) 


25 


30 


35 


40 


50 


ttO 


75 


IX 1 


.0001 


.00012 


.00014 


.00016 


.0002 


.00024 


.0003 


2X 2M 


.001 


.0012 


.0014 


.0016 


.002 


.0024 


.003 


3X 3 


.0027 


.00324 


.00378 


.00432 


.0054 


.00648 


.0081 


3X 4 


.0036 


.00432 


.00504 


.00576 


.0072 


.00864 


.0108 


4X 4 


.0064 


.00768 


.00896 


.01024 


.0128 


.01536 


.0192 


6X 6 


.0125 


.015 


.0176 


.02 


.025 


.03 


.0376 


6X 6 


.015 


.018 


.021 


.024 


.03 


.036 


.046 


6X 6 


.0216 


.02592 


.0324 


.03456 


.0432 


.05184 


.0648 


7X 7 


.0343 


.04116 


.04802 


.05488 


.0686 


.08232 


.1029 


7X 9 


.0441 


.05292 


.06174 


.07056 


.0882 


.10584 


.1323 


8X 8 


.0512 


.06144 


.07168 


.08192 


.1024 


.16288 


.1536 


8X10 


.064 


.0768 


.0896 


.1024 


.128 


•. 1536 


.192 


9X 9 


.0729 


.08748 


.10206 


.13464 


.1458 


.17496 


.2187 


9X12 


.0972 


.1)64 


.13608 


.16642 


.1844 


.2328 


.2916 


10X12 


.12 


.144 


.168 


.192 


.24 


.288 


.36 


11X14 


.1694 


.20328 


.23716 


.27104 


.3388 


.40656 


.5082 


12X12 


.1728 


.20736 


.24182 


.27648 


.3456 


.41472 


.6184 


13X13 


.2197 


.26364 


.30758 


.35152 


.52728 


.92728 


.6501 


14X14 


.2744 


.32828 


.38316 


.43804 


.5488 


.65656 


.8232 


16X15 


.3375 


.405 


.4725 


.54 


.675 


.81 


1.0126 


16 X 16 


.4096 


.49052 


.57344 


.65536 


.8192 


.98104 


1.2238 


18 X 18 


.5832 


.69084 


.81648 


» 93812 


1.16640 


1.39968 


1.7406 


20X24 


.96 


1.162 


1.344 


1.536 


1.92^ 


2.304 


2.88 


22X26 


1.2584 


1.61(1)8 


1.66176 


2.01844 


2.5168 


3.02016 


3.7762 


24X30 


1.728 


2.0736 


2.4192 


2.7648 


3.466 


4. 1472 


6.184 


CorlUM Siizee 
















10X24 


.24 


.288 


.336 


.384 


.48 


.676 


.72 


12X24 


.3456 


.41472 


.48384 


.55296 


.6912 


.82944 


1.0368 


12X30 


.432 


.5184 


.6048 


.6912 


.864 


1.0368 


1.296 


14X30 


.588 


.7056 


.8232 


.9408 


1.176 


1.4112 


1.764 


14X36 


.7056 


.84672 


.98784 


1.12896 


1.4112 


1.69344 


2. 1168 


16X30 


.768 


.9216 


1.0752 


1.2288 


1.536 


1.8432 


2.304 


16X36 


.9216 


1.10592 


1.29024 


1.47456 


1.8432 


2.21184 


2.7648 


16X42 


1.0752 


1.29024 


1.60528 


1.70232 


2.1604 


2.58048 


3.2256 


18X36 


1.1663 


1.39936 


1.73282 


1.86608 


3.38261 


2.79872 


3.49892 


18X42 


1.3608 


1. 63296 


1.90512 


2. 17728 


2. 7216 


3. 26692 


4.0818 


20X36 


1.44 


1.728 


2.016 


2.304 


2.88 


3.466 


4.32 


20X42 


1.68 


2.016 


2.352 


2.688 


3.36 


4.032 


5.04 


20X48 


1.92 


2.304 


2.668 


3.072 


3.84 


4.608 


6.76 


22X42 


2.0328 


2. 43936 


2.84592 


3.25248 


4.0656 


4.87872 


6.0984 


22X48 


2.3232 


2.78784 


3.25048 


3.71712 


4.6464 


6.57568 


6.9696 


22X64 


2. 6136 


3. 13632 


3.65904 


4.18176 


6.2272 


6.27264 


7.8408 


24X42 


2.41919 


2.90303 


3.38687 


3.8707 


4.83838 


6.80606 


7.26767 


24X48 


2.7648 


3.31776 


3.78072 


4.42368 


6.6296 


6.63552 


8.2944 


24X54 


3.1104 


3.73248 


4.35456 


4.97664 


6.2208 


7.46496 


9.3312 


26X48 


3.24471 


3.89365 


4.54259 


5. 19153 


6.48942 


7.78731 


9.73413 


26X64 


3.6504 


4.38048 


5.11056 


6.84064 


7.3008 


8.76096 


10.9512 


26X60 


4.056 


4.8672 


5. 6784 


6.4896 


8.112 


9.7344 


12.168 


28X48 


3.7632 


4.60684 


6.26848 


6.02112 


7.6264 


9.01168 


11.2896 


28X64 


4.2336 


5.08032 


5.92704 


6.77376 


8.4672 


10.16064 


12.7008 


28X60 


4.704 


5.6448 


6.5856 


7.5264 


9.408 


11.2896 


14. 112 


30X48 


4.32 


5.184 


6.048 


6.912 


8.64 


10.368 


12.96 


30X64 


4.86 


5.832 


6.804 


7.776 


9.72 


11.696 


14.58 


30X60 


6.4 


6.48 


7.56 


8.64 


10.8 


12.96 


16.2 


32X48 


4.9152 


5.89824 


6.88128 


7.86432 


9.8304 


11.79648 


14.7456 


32X64 


6.6296 


6.63652 


7.74144 


8.84736 


11.0592 


13.27104 


16.5888 


32X60 


6.144 


7.33728 


8.56026 


9.78304 


12.288 


14.67556 


18.432 


34X64 


6.24941 


7.49069 


8.73937 


9.98786 


12.48482 


14.98178 


18.72723 


34X60 


6.935 


8.3132 


9.7104 


11.0976 


13.87 


16.6264 


20.806 
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Hone Power Table 



M. E. P. 


Revolutions per minute 














100 


200 


300 


400 


600 


30 


1.8 


3.6 


4.6 


7.2 


9 


40 


2.4 


4.8 


7.2 


9.6 


12 


50 


3 


6 


9 


12 


15 


60 


3.6 


7.2 


10.8 


14.4 


18 



The valuea in heavy figures are those obtained in the two examples, 
the other values are obtained by similar calculations, or by a shorter 
process hy applying the rule for variable speed as given on page 86. 
Thus, having tound the value 2.4 h. p. for 100 r. p. m. and 40 lbs. m. e. p., 
the other values for 40 lbs. m. e. p. would be, applying the rule, 2.4X2 » 
4.8 h. p. for 200 r. p. m. ; 2.4 X3 -7.2 h. p. for 300 r. p. m., etc. 

Ques. For great accuracy, what should be considered 
in addition to the factors included in the horse power 
formute already given? 

Ans. The cross sectional area of the piston rod. 

Oues. Why? 

Ans. Because it reduces by a small amount the power in^ 
dicated by the formulae. 

Effect of the Piston Rod on the Power. — ^It must be evident 
since the piston rod passes through the stufl&ng box in the 
cylinder head, that the area of the piston upon which steam acts 
at this end is reduced by an amount equal to the cross sectional 
area of the rod, whereas, on the other side of the piston steam 
acts on its entire area. Accordingly the power developed at the 
"crank end*' will be less than at the "head end."* 

Since this reduction of power is so small and the range of power 
of a steam engine so great, this ordinarily need not be 



*NOTE. — The terms crank end and head end, mean respectively the end nearest or farthest 
'-om the crank or shaft. 
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considered, and in most cases the extra calculation is a waste ctf 
time, however, it is important that the principle itteolved bt 
understood. 



at (nma: D, c^indcr conulninji tension (princ) E. coUad ipriiu on dnun rolln; P> 

n|f CTUndcr or dnun; Q, drum pui;H uui Z. tuunb vcrewi bolduig dnua; 1» nut to 

t iDdiotor to pipe; K, levn- lor KTEwing m I; H, cofUMCtkm between the vtine 

_.r and (nie; P> pwton rod; R. Jpinti 8, Dio; T\ pMt for nidc of ooicil ber; V, giiide 

poUer for combomradnciaslBva'; w,fwiv«rilacva{orcacdiX, (wiveT^; Y.fupportfoi 

nrivclpuk 
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To simplify the. calculation, the average effect is considered, 
that is, half the piston rod area is regarded as being removed 
from each face of the piston, instead of the ftdl area from one 
face only. The following example will illustrate the methods 
of calculation. 

Example, — ^A 5X6 engine nmning.at 50 lbs. m. e. p., and 500 r. p. m. 
develops 15 horse power, neglecting the effect. of the piston rod. What 
power is developed, considering a piston rod 1 inch in diameter? 




Pig. 94. — One form of redocing lever for an indicator attachment. A, is attachment ol the cord: 
B, end of cord; C, pivicrt of reducing lever; D, swinging joint of reducing lever; E» point of 
attachment to cross-head for the link joining reducing lever at D. The indicator is soown at 
top of cylinder, cdmnected by a three-way cock to pipes from both ends of cylindttr. 



// 



1st Solution. ''■>■. ... 

From table, or by calculation, area b" piston » 19.635 ; area cross section 1 
piston rod = .7854; J^ piston rod area = . 7854 -^ 2 «. 3927 sq. in^- 1% of 
pistton area = 19.635X.01«'.197, hence J^ piston rod area p» .3927 -f- 
. 197 = .0199, that is 1 »99% lof piston area. Accordingly the power is reduced 
1.99%, or 15 X. 0199 = .299 horse power, from wluch the act\ial power 
of the engifie is 15 — .299 = 14.7 horse power. 

2d Solution. 

Area 5" piston = }iir D* = .7854 X5« = .7854X5X5 = 19.635 sq. ins. 
Similarly, or from table, H area of 1" piston rod =. 39127. 

Effective piston area = 19.635 — .3927 = 19.2423, say 19.24 sq. ins. 

Now, a rea of piston = .7854D^ fr om which iy=a rea of pisto n -s- .7854, 

or D= Varea of piston X .7854 = V 19.24 -5- .7854 = V24.497 = 4.95 
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Substituting this value of D, and the stroke in formula (4) (page 84) for 
horse power of an engine running at 50 lbs. m. e. p. and 500 r. p. m., 

H. P. =.1X4.952X6 = 14.7 

Brake Horse Power. — This is the useful horse power de- 
livered by an engine as ascertained by the application of a brake 
or absorption dynamometer. The excess of the indicated 
horse power over that required by the brake, represents the power 
reqtiired to move the engine in overcoming its friction. 




/(hifif»e4sp^ 



Pig. 95. — Prony brake. It consists of a friction band wlych may be placed around the fly 
wheel or the crank shaft, and attached to a lever bearing upon the platform of a weighing 
scale, as shown. A brake used for testing purposes should be self-adjusting to a certain 
extent, so as to maintain, automatically, a constant resistance at the rim of the wheel. For 
comparatively small engines, various forms of roi>e brake, satisfy this requirement very well. 
In such cases, a weight is hung to one end of the rope and a spring scale to the other end. 
The wheel should be provided with interior flanges, holding water for keeping the rim cool. 
For very high speeds, some form of water friction brake should be employed, as they have 
the advants[ge of being self-cooling. 



The power of small engines running at very high speeds, is 
best obtained by a brake test, since indicator cards become 
disturbed under such conditions, thereby introducing errors. 
The form of absorption dynamometer generally used for ob- 
taining brake horse power is called the Prony brake (named 
after its inventor). Its construction is shown in fig. 95. 
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Formula for Brake Horse Power, — ^The net work of the 
engine or horse power delivered at the shaft is determined as 
follows: 

Let W= power absorbed per minute; 

Pa= unbalanced pressure or weight in pounds, acting on the lever arm 
at a distance L; 

L= length of lever arm. in feet from center of shaft; 

N= number of revolutions per minute; 

V = velocity of a point in feet per minute at distance L, if arm were allowed 
to rotate at the speed of the shaft = 2 x L N 

P V 
Since brake horse powers. 



33,000 

substituting for V, 

4 

B. H. P. (brake horse power) =^L^^^ (1) 

33,000 

It should be noted that if L «33 -^2 ir the equation becomes 

B.H.R = --^x5?X NP-i^ (2) 

33,000 2t 1,000 

Accordingly, in order to use the simplified formula (2) the arm L is 
made 33 •t-2x or 5.285 feet, very approximately 5 ft. 3 ^ inches. 

Ques. What important precaution should be taken in 
making a brake test? 

Ans. The lever arm L, should be horizontal when a weight 
is used so that the force due to gravity mill act at right angles 
to the arm. 

If the arm be in any other position^ the effect will be the same as shortening 
the arm and wUl introduce an error in the caktdation. 

Size of Cylinder. — ^Having learned the principles and methods 
of calculating the horse power of an engine, as given in the 
preceding pages, the student should now consider how to cal- 
culate the diameter and stroke of an engine to develop a given 
horse power. 
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It must be evident that for, say, a given speed, a great many 
cylinder sizes could be used, each giving the same power, that 
is, a long strolra with small piston, or a lai^e piston with smaE 
stroke could be used, the best proportion between the stroke 
and diameter being determined by the type of engine, service 
for which it is intended, etc., and a knowledge of best practice 
on the part of the designer. 




Pics. M and W. — Bide imf end view of rope brake. This type a! brake is ea 
mftterUl at hand and being Mlf-adjusting needs no accurate fitting, Foi 
number of ropes mav be increaied. It is considered a most con anient t 
In the fimre the spring balance, B, la ahown in a horiiontal position. Thi 
if eonveoient the vertical position tany be uaid. The ropes are held to the 
faiw by blocks of wood. O. The weight at W. may be replaced by a sonnff b 
To calculate the biake hone poirer. subtract tlie pull registered 
from the weislitW. The lever arm is the radiui of the pulley plus o 
rope. The Tonnula is. 



reliable brake. 

r/oJ'^y™^ 

spring balance. B, 



■B. H. P. - 



»RN(W — 



I N mremlulioia per 



For a given piston speed evidently a short stroke engine will 
make a larger number of revolutions per minute than one with 

•NOTE. — It B be greater Uian W. the enaine is running in the oppoute direction; in this 
eaie u»e the fotmuta B. H. P.-.OOOIWM RN (B — W>. 
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a long stroke. Thus, for 
say, 800 ft. of piston 
speed, an engine with 1 
ft. stroke will make SOO 
-^ (2X1) = 400 r.p.m., ' 
whereas, for 2 ft. stroke 
only 800 -^ (2X2) = 200 
r.p.m. will be required, 

Ques. What is the 
meanhig of the term 
hi^h speed engine? 

Ans. It means that 
the ntimber of revolu- 
tions per minute or 
rotary speed is high, for 
the particular type of 
engine in question. This 
term should not be con- 
fused with high piston 
speed, as it does not re- 
late to the piston speed. 



ok encinfl 
with Klf-oilinff system- Made in 
Bii«s ranginx (n>m 3HX4 to 
12X12; rev^utionl: hii^Bt 600 
to 350. standard 400 to SOOrloir- 
est, 400 to 275. The oilina syrtem 
consists of a reservoir inbase for 

ell the'beflrinas. In opmrmtlpa 

is drawn from the supply in the enaine base, thraugh a Etrainer funnel and auction 
J the pump and check valve, then dnven through the bis" fad, where its movement 

noUrJ. to the distributing head and thence through the supply pipes to the bemngE, 
B them flooded; and. overflowing, finds it way back '<!^™f!I^'' ™ "^^ '^i 
[□ waWrcan^eMer^hTBueHon pipe a'the designated amount of oilbe placed in Uie 
. A special pacing is uaed in the piston rod stufling boi and practicHDy elimmaM* 
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The first step in calculating the cylinder dimension is to 
arrange the horse power formula in the proper form for obtaining 
the value of the imknown quantity. » o p » 

Thus, starting with the formula 

H. P. = .000004D'L NP '. (i) 

the quantities to be found are D, the diameter of cylinder or 
piston, and L, the length of stroke. Accordingly, solving for 
these quantities 



D'^ ^ill , or D = V- ^'^' r^ • '• (2) 

. 000004 L N P ^ .000004 L N P 



L=^ ^^, (3) 

.000004D'NP 



For those who do not understand the solution of equations, 
(2) and (3) are easily obtained from (1) as follows: 

Rule. — On one side the equality sign write down the unknown 
quantity; on the other side, 1, the horse power as numerator, and 2, 
the remaining factors as denominator. 

Of course, when D is the unknown, since it is squared in the formula, the 
square root must be taken as in (2). 

Example* — ^Find the size of cylinder of a Corliss engine 
to develop 86 horse power when running under the following 
conditions: Initial pressure, 80 lbs.; J^ cut off; mean back 
pressure, 2 lbs. (non-condensing) diagram factor .9; piston speed 
600 ft. per minute. 

The solution consists of three steps, viz.: finding, 1, the mean 
effective pressure; 2, the stroke, and 3, the diameter of cylinder. 
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•^"^ ' ' • 

CASE 1. DIAGRAM FACTOR GIVEN 

1. Mean effective pressure. 

1. fi{ind total number of expansioos (neglecting cleaiaaoe).t 
Jtiil0»— One divided by the reciprocal* of the cut off. 

1 + 1-1X4-4 

2. Find mean forward pressure. 

BuiSm — MuMply initial pressure by 1+hyp, log. of expansions, and 
divide by nmtnber of expansions. 

From table page 71, hyp. log. of 4 « 1.3863. 

1+hyp. log. 4-1+1.3863-2.3863 
initial pressure absolute— 80+14.7— 94.7 

mean forward pressure— /'^^^ —56.5 lbs. per sq. in. 

4 

3. Find mean effective pressure. 

Rule* — Subtract mean back pressure absolute from mean forward pressure, 
mnd mtdtiply the difference by the diagram factor. 

2 tbs. mean back (gauge) pressure— 2+14.7 — 16.7 lbs. absolute 

(56.5 — 16.7) X.9 -35.8 lbs. per sq. in. 

2. Chatee of Stroke. 

The length of stroke must be such as will give a desirable number of 
revolutions, and bear a proper relation to the cylinder diameter. The 
Corliss engine is a slow speed or long stroke type, usual ratio of stroke to 
diameter being about 2 : 1 or more, hence of the several lengths of stroke 
tiiat could be used, one should be selected that will come within the ratio 
Hmits and also give the proper speed in developing the rated power. 
Ordinarily the revolutions may be from 100 to 125, and with valve gears 



tNOTB. — ^It should be understood that in the example the exinreasion one-quarter cut off 
ffdates to the point tit stroke at which steam is cut off by the valve gear; it does not represent 
the real cut off, with respect to the expansion of steam, because clearance must be considered, 
and on this account is, strictly speaking, called the apparent cut off, which will, be explained 
in the chapter on valve gears. The economical nuige of horse power being considerable, cor- 
rection for the apparent cut off need not ordinarily be made. 

*NOTB. — ^The reciprocal of the cut off means one divided by the cut off. 
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R. P. M.-800+2x|2-160 

SiiMilarly, the follonniK table 
is obtainea: 

R. P. M. for 600 ft. piston speed 



Strove 


24 


30 


36 


R.P.M. 


160 


120 


ISO 



S. Diameter of eglindtr, 

IS. per sq. in 
g the table i 



m&y be made with the 36" stroke 
iduch gives 100 r. p. m. Snb- 
ttituting the values in formula 
(2) page 97, 



-V 



000004 X86X imxss .8 

-12^ C«) 

For the given power, thia di- 
ameter of cylinder may b« noed 
with any stroke in the taUe in 
2 at the revolutiong ^ven, that ia 
the cylinder dimension may be 

12.SX36farl0Or.p.m. 
12;SX30for120r.p.m. 
12.8X24forl«)r.p.in. [ 
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calling the diameter 13 ins., in each case, the stroke diameter ratios are 
! 2:77, 2.3; and 1.87 respectively, the first two being within limits and the 
last two small. 

. -Im the case of a growing plant where more pow«? will be soon required 
the 13 X36 would be desirable, as the r. p. m. ebuld be increased oonsidendbly 
to increase the power. Ordinarily, the 13X30 would be desirable, as it 
would cost less, and would run at a more desirable r. p. m. 

. • '» '^TVi. *^ . 

/ 
I ' I 7 

CASE 2. DIAGRAM FACTOR NOT GIVEN 

A graphical solution of the example just given consists in 
dTjayrnjg. tjb^ theoretical card corresponding to the given values 
of initial pressure, cut off, etc., and inscribing in this diagrapi 
a card drawn to represent the "expected"* performance of the 
actual engine. This ca^d is drawn after considering a large 
numbe|: oi actual cards of similar engines operating tmder similar 
coiiditipn^. : Accordingly, the more experienced the designer, 
the nearer can he come to drawing a card\ that will represent 
thQ ,iVltHPl\flPrfp2aqpip,^c^ ^o£. the engine. • . 

The steps in this graphical method are: 1, drawing the theo- 
retica,^ card; 2, drawing the expected card; 3, finding the ex- 
pedited jn.^e. p.; 4, finding the cylinder dimensions. . * . *' 



(I 



*h ''The theoretical card. 

In fig. 100, draw the vacuum line, or line of no pressure OV.^ . Using a 
soale of 1"=40 lbs., draw the atmospherifc line £D, a distance above 
correOTonding to 14.7 lbs. and parallel to O V. At a heigjit corresponding 
to &44tlbs. abs. draw the admission line A B, in length « ^. of £J3; extend 
A B, by dotted line to 3 and at points 1, 2, 3, drop perpendiculars. Prom O, 
' draw radial lines 01, 02, 03, cutting the perpendicular from B, at 1', 2', 3' 
respectively; the intersection of horizontal lines from these points with 
theperpencficulars, give points 1", 2", C, on the expansion curve, thus 
K^mpllettag the theoretical card ABODE, corresponding to the given data. 

2.'' The expected card. 

At this point all depends on the experience and judgment of the designer 
who sketches within the theoretical card, fig. 100, a card which he thinks 
will represent the actual performance of the engine. He proceeds about 
as follows: The initial pressure being given instead of boiler pressure, 



THE STEAM ENGINE 



101 



no allowance is made for drop between boiler and engine, hence the 
expected admission line begins from A, and proceeds toward B, first hori- 
zontally, and then begins to slope downward (though very slightly) because 
of pressure drop due to initial condensation due to the low temperature of 
the cylinder wsdls; approaching cut off at 6, the admission becomes curved 
because of drop due to "wire drawing" as the valve closes.* 

The expected expansion line then begins at &, at a lower pressure than B. 
Because of this condition and the fact that condensation continues, part 
of the stroke, say to c, a point at which the temperature of the steam and 
cylinder' walls are considered the same. 




Pig. 100. — The expected diagram. Having drawn the theoretical card A B C D £, success in 
obtaining the proper diagram factor depends upon the experience and judgment of the 
designer which guides him in sketching in the expected diagram a b c d ef g, which he 
"expects" will represent the actual performance of the engine when built and operating 
under the specified conditions. 



Expansion beyond c, will evidently take place at temperature . lower 
than that of the cylinder walls, which is regarded as practically constant. 
Accordingly re-evaporation of some of the steam previously condensed 
will take place causing the expected curve to approach and rise above the 
theoretical curve between c and d. 

At df pre-release occurs, the gradual opening of the exhaust valve causes 
a pressure drop, represented by the rounded end or toe d e. Release is 
taleen at 2 lbs., and represented by a line extending from e, to some point 



•NOTE. — In the Corliss engine this loss is reduced to a minimum owing to the very quick 
movement of the valve, but the act of cutting off steam in any valve gear is far from being 
instantaneous. 
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/, selected by the designer at whidi the exhaust valve doses, that is, at 
i^ich compression begins. 

The compression curve extending from/, to g, may be sketched in by eye, 
or if greater accuracy be de^red, by constructing a hyperbolic curve, 
based on the clearance. The latter in the Corliss engine may be taken at 
2H to 3 % of the piston displacement. 

3. The expected M. E. P. 

This is determined from the area of the expected card, fig. 100; by means 
of the following formula: 

expected m, e. p, = ^^^^ ^* ^ -X pressure scale . . . . . (1) 

length of card 

The area is best obtained by use of a planimeter, or approximately by 
ordinates (explained in figure 81). In this case the area is by planimeter; 
length of card 4 ins., and pressure scale 40. Substituting these ^fBlues in (1) 

3 42 

expected m. e, p, =^-1-^X40=34.2 lbs. per sq. ms. 

4 

4. Cylinder dimensions. 

In Case I, a 36" stroke was selected for future excess power demands, 
and a 30"'Stroke where such provision was not made. Substituting the value 
34.2 lbs. per sq. ins. expected m. e. p. in the formula for the 36 ms. stroke 



D=-J 



85 
. 000004X36X100X34. 2""^^*^ "^- ^^ ^^"^ 



As in Case I, the cylinder dimensions could be either 13X36, or 13X30 
according to conditions and judgment of the designer. 
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CHAPTER 3 
STEAM ENGINE PARTS 



The numerous parts of which an engine is composed may be 
divided into three classes with respect to operation, as 

1. Stationary; 

2. Revolving; 

3. Reciprocating. 

The stationary parts are the cylinder, frame and bed plate; the revolving 
parts, the shaft, eccentric; the reciprocating parts, the piston, jnston roo, 
crosshead, connecting rod, valve, and valve gear. Of these variotis parts 
the greatest proportion are reciprocating, and these, especially in the case 
of high speed engines, must be of minimtim weight consistent with proper 
strength to avoid undue vibration, thus, the skill of the designer is shown 
by his treatment of these parts. 

The Cylinder. — ^This consists of a cylindrical chamber, 
as shown in figs. 101, and 102, bored true, and in which is 
fitted a steam tight piston, free to move from one end to the 
other. 

The distance in which the piston, during its stroke, is in 
contact with the cylinder is called the bore. To prevent a 
"shoulder" being formed at either end by the action of the piston, 
the diameter at these points is enlarged so that the piston 
slightly overtravels the bore. The enlarged sections are known 
as the counter-bore. 

The cylinder is closed by two covers called cylinder heads. These are 
secured to the flanged ends or faces by bolts. All bearing surfaces are 
finished smooth and true and a steam tight joint is made at each face by 
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inserting a gasket, that is, a thin sheet of packing cut to size, and then bolting 
the parts firmly together. 

The distance between the faces of the cylinder is such that the piston 
does not touch either head when at the end of the stroke. A small space 
is always Icrfft between to prevent contact. This volume plus the volume 
of the steam passage between the cylinder and the valve seat is called the 
clearance, ana is expressed as a percentage of the volume displaced by the 
piston in one stroke. 

The term clearance is also used to denote the distance between the 
cylinder head and the piston when the latter is at either end of the stroke^ 
being called the linear clearance. 

A hole is bored through one head for the piston rod, a steam tight joint 
being made by means of a stuffing box. This consists of a cylindrical 
chamber, of somewhat larger diameter than the rod. The annular space thus 
left aroimd the rod is filled with fibrous, or metallic packing whidb is com- 
pressed so as to form a tight joint by a hollow sleeve called a gland. The 
mtter is forced into the stuffing box to bring the necessary pressure on the 
packing by adjusting the two Dolts. In some cases a screw stuffing box is 
provided, similar to the one shown for the valve stem; this is a lighter 
construction but is liable to come tuiscrewed tmless locked. 

The cvlinder has a projection on one side called the steam chest in which 
is the valve. The steam diest is closed by a plate known as the valve or steam 
chest cover; this is fastened to the steam chest by bolts, a gasket being 
placed between th^ bearing surfaces to make a tight joint. 

In €^}eration, steam passes from the steam chest to the cylinder ends 
through the steam passages, between which is the exhaust passage. 

At the b^inning of these passages i^ a smooth flat surface on which the 
valve moves and which is called the valve seat. 

The two openings in the valve seat to steam passages are called the steam 
ports, and the opening to exhaust passage the exhaust port. Careful dis- 
tinction should be made between the terms passages and ports. 

The valve as shown overtravels the length of the seat to prevent the 
formation of a shoulder by wear, and also, in the case of unbalsmced valves 
to reduce the load on the valve pressing it against its seat due to the steam 
presstu*e, as when the steam edge of the valve overtravels the seat limit, the 
pressure on that portion of the valve not in contact with the seat is neutral- 
ized. Motion is transmitted to the valve by the valve stem. A stuffing box 
is provided to make a steam tight joint at the point where the valve stem 
passes out of the steam chest. 

Loss of heat by radiation is partially prevented by covering the cylinder 
with asbestos or other insulating material. For external appearance and 
to protect the insulating material, it is covered with a wooden or metallic 
lagging. 

An interior view of a steam chest is shown in fig. 102. The valve being 
removed, the valve seat is exposed showing the steam and exhaust ports. 
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At the side of the cylinder is a projecting flanged pipe which forms the 
outlet from the exhaust passage. 

The depression at the farther end should be noted; this terminates the 
valve seat and allows the valve to overtravel for reasons already explained. 

There is a slight projection on the two side walls of the steam chest which 
is planed smooth to serve as a guide for the valve in its direction of travel. 
It also permits the valve being made narrower than the steam chest so that 
it may be easily inserted. These projections are sometimes omitted. 




Fig. 103. — Harris-Cortiss cylinder with steam jacket. The section in black is the liner or 
working barrel,, around which live steam circulates. The object of a jacket is to reduce 
condensation withm the barrel or cylinder proper. 



Jacketed Cylinders. — Sometiines a liner or working barrel 
of somewhat smaller diameter is fitted to a cylinder as shown 
in fig. 103, leaving an annular space all around through which 
live steam circulates. The object of this is to supply heat to the 
walls of the barrel, to make up for that abstracted during expansion 
and exhaust, so that at admission, the walls will be as hot as 
possible, thus preventing condensation or reducing it to a 
minimum. 
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In general, the greater the number of expansion, the greater the 
reduction of feed water consumption due to the use of a jacket,* 

Prof. Schrooter from his work on the triple expansion engines at Augs- 
burg, and from the results of his tests of the jacket efficiency on a snSll 
engine of the Sulzer type in his own laboratory concludes as follows: 
1. The value of the jacket may vary within very wide limits, or even 
become negative; 2, the shorter the cut off, the greater the gain by the use 
of a jacket; 3, the use of higher pressure in the jacket than in the cylinder 
produces an advantage ; 4, the high pressure cylinder may be left unjacketed 
without great loss, but the other should always be jacketed. 

The usual method of fitting liners or working barrels to cylinders to form 
steam jackets are shown in figs. 104 to 106. The construction is sudi that 
the liner is free to expand or contract independently of the cylinder casting, 
a steam tight joint being made between the two by means of an ordinary 
stuffing box packed with fibrous packing. 

For equal conditions, the gain by jacketing is greater for small cylinders 
than for large, because in small cylinders the cylinder surface per unit 



*NOTE. — A test of the Laketon triple expansion pumping engine showed a gain of 
8.3 per cent by the use of the jackets, but Prof. Denton points out that all but 1.9 per cent of the 
gain was ascribable to the greater range of expansion used with the jackets (Trans. A. S. M. £., 
XIV. 1412). 

NOTE. — The value of the ateam jacket may be judged from the e3q>eriments of Bryan 
Donkin made at Bermondsly on a single vertical experimental engine. The details of the 
engine are: Size 6X8; Meyer valve gear; barrel and heads jacketed^ also valve chest cover, 
steam is supplied to each of the four jackets direct from the boiler b^ a separate pipe. By 
special arrangement the water from tne cylinder body jacket was di^nded into two portions 
and the weight of them given separately. The first portion consisted of the steam condensed 
on the inner vertical suxf ace of the jacket due to the heat passing through the walls into the 
cylinder; the other ix)rtion that condensed on the outer vertical surface of the jacket due to 
heat uselessly radiated outwards owing to imperfect external covering. Observations were 
taken with small thermometers inserted in one-eighth inch holes, drilled into the metal 
walls and filled with mercury. In all experiments the feed water always included the whole 
of the jacket water. 

Mr, Donkin found that with about 50 lbs. boiler pressure, running condensing, the 
saving due to the jacket was: 40.4% at 6.8 expansions; 40.1% at 6 expan.; 38.5% at 4.8 
expan.; 31.1% at 3.7 expan.; 23.1% at 1.8 expansions. In Mr. Donkin's experiments, the 
temperature of the cylinder itself was observed at various points between the inner and outer 
surface by means of thermometer inserted in small holes drilled in the metal. When the 
jackets were in use the mean temperature of the metal was almost equal to that of the 
steam on admission; when the jackets were not in use it was some 50** lower. The temperature 
as shown by the thermometer was nearly uniform from inside to outside; for the periodic 
chilling of tne innermost layer of metal by re-evaporation of condensed steam was too super- 
ficial to be at all fully exhibited in this way. From the experiments it may be inferrai that the 
smaller the cylinder, the greater is the percentage of gain from the use of a steam jacket 
arising doubtless from the fact that a small cylinder gives a larger jacket surface for a given 
weight of steam passing through it, than a larger cylinder does, {ind report of research 
committee on the value of the steam jacket.) 

Other engines experimented upon were: Compound jet condensing beam pumpin g 
engine; triple expansion pumping engine; compound mill engine. For full particulars of 
Donkin's experiments see Pro, Inst, Mech. Eng, 1892, page 464. 
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weight of steam passing througli the engine is greater than in large cylinders. 
In some cases the jacket is so constructed that steam supply for the engine 
is used for the jacket passing through the jacket on its way to the engine. 

Stuflfmg Boxes.— By defimtion, a stuffing box is a device 
affording passage and lengthwise or rotary motion of a piece, as 




Pica. 104 to lOA. — Varunu metliods of fitting liners ta cylindera. Fig. IM it & (orm of liner 
having > Hange at the bottom end Kcured to the c^lioder by sunk head bolts. At thcother end 
asteam tight joint ia Becuredh^' a stuffingbor with packing ring- Pig. 105ahowBalinernitb 
recessed joint at one end and at the other a plain contact joint reinforced by caidktnff «■ soft 

from the to^ head by the pipe siphon. Fig. 106 shows a method of bolting^e liner fast 

In fitting, the liner is farced into place but because of Ilie danger of bringing too much strain 
updh the cylinder, the fit cannot be made tight enough to ehminate leakage, hence the 
necessity for aiuffiog boies. The flanged joints at the bottom .may be made tight with a 

of a piston rod or shaft, while maintaining a fluid tight joint about 
the moving part. 
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■giusted by ub dividins piece 10, the uppa Kctkm cofuuting of white metal ifaig* 13, vith 
nbntiiig cup, /otlo*er, etc., b«nc in thejtuffins but. Mid Out lower MCtioa wmiittinjrfif 

S, Mch m UiTM IMiiti. 

m which are contuned tbe wper follDWer 

...isboi the pnvaito' 17. ranvw in length 

.._..__boi. Ae Uudividinc piece ID, u bolted to the lue of the etol- 
nns Dox imepeiMKntl)' of the sUnd 1, which coatiiiti the lower or outsr tet of iMckiiif. 
I the bhida in the lower eet mey oe ren ewed or eny other n n r riii fr wo4 done to euDo with- 
' out taldoa down the tqiper nt of pickinc or in enr wey dirtortiing it. The lower or outer 
' eection of the packinf conuU of ci^tE^ltt 4. babbitt lined. wliKh an hdd in ibat S, 

I — I — L.ij^ — sprinBie. The pecking blodn are put tocether in eecttooi fear faloAi 

■ctiDa ia c o m poe e d of two woridng btocla and two guide blocka. The 

qninv 9, in podccti are alio uted bel 
V plates and ball ring 2, having groun 
. Tlie eptinp pveeeare u eo ruuated 
a running without steam. A hole is 



., ^ „ in poclteti are alio uted behind the tbiknnr plata T. 

anbinationof tbe sliding plates and ball ring 2, having ground gurfaces. allows tor tb* : 



. MnU_ between the Uocln in eacheection are at i^t aitflis to each ci her. t hus "breeldnc 

place iriwa the engine is runniii w!t£ut steam. A~£ole is drilicil in the ^«nd at Xtor a 
nipple and globe valve eo that condcneation can be drained off. The ^arta araf 1, ^aad; 
9, ball ring; 3, sliding plate; 4, blocks; S, boin lings; fl, horn ling sptlngsj 7. IiMlowet 
idate; S, spring bushing: 6, follower springi; 10, dividlog piece; 11. swab-hohur plate; 
13, vibrating cupi 13. ^bblK rings', 14. folfower: IS, upper s^ing bndringi tt, ivpv 
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' In some cases the end surfaces of the anntdar chamber oontioning the 
packing are flat but usually are slightly conical to force the packing against 
the rod. The accompanying cuts show various types of stuffing box, and 
forms of packing used in same. 

In design, the length and diameter of the stuffiing box depends on the 
material used and the working pressure. In the case of horizontal cylinders 
when the stuffing box becomes also a bearing, it may be made longer. 
For the valve stem, the box is proportionat^y deeper th&n for the piston rod. 

In general, the stuffiing box may be from 2 to 3 times the diameter of the 
rod, and its diameter from 1^ to 1 J^ times diameter of rod. 

In some cases packing under pressure is dispensed with and a long plain 
sleeve depended on for a tight joint, the long close sliding^ fit between the 
rod and sleeve preventing leakage. The plain sleeve may be modified with 
several grooves spaced along its length to arrest' the motion of any steam 
tending to leak through. 

The Piston. — ^A piston may be described as a device for 
receiving the pressure of, or operating upon, a liquid or gcLS in a 
cylinder or other enclosing vessel. 

Pistons may be classified: 

1. With respect to shape, as 

a. Cylindrical {g^^. 

b. Conical; 

c. Rectangular. 

2. With respect to motion, as 

a. Reciprocating; 

b. Oscillating; 

c. Rotating. 

3. With respect to the action of the steam as 

a. Single acting; 

b. Double acting. 

The cylindrical reciprocating piston is the most usual form and consists 
essentiaUy of a disc attached to a rod and having rings which press against 
the cylinder walls to secure a steam tight joint. 

For high speed engines, especially those of the marine type, where the 
center of gravity of the engine must be a minimum, the piston is usually 
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shaped like a cone, as this gives 
minimum weight, thus r«iuc- 
ine vibration; its shape per- 
mits Ehortening tiie height of 
the ei^ne because the stuffing 
box projects very little if any 
beyond the cylinder head. ■ 

A rectangular redprocatiog 
piston consists of a square 
■ plate arranged to move to and 
fro in a rectangular box the 
steam pressure being received 
on the ends. 

An oscillating piston is 
virtually the same as a re- 
ciprocating piston, but be- 
cause of Uie lateral stresses, 
<Jt is desired preferably with 
a wider rim giving more bear- 
ing surface to reduce wear. 

Pio. 125,— Early junk packing. Ttij 
r"''""g emild neidur ba, eummod 
nor renewed without mnovuiE the pirn- 
ton fiom the cyUndet. To Jumarfir 
f Ail, the groove wai made without 
■ lluice Bt the cod farthest from the 
cnulcandafalieAuigecallfll ajunk 
rint was boiled to the piMon to retun 
the iiuik in placa and admit of itA 
bemg removed without taking out 
the iHBton. The term "junk rinir" 
ii itfll in uM although junk it no 
longer iiied to pack piatcBu; a better 

Rotary engines have a rec- 
tangular rotating pisW or 
rectangular plate oscillating 
in a sector cylinder and 
attached to a radc shaft or an. 
eccentric or toothed cam. 

The distinguishing feature 
of the various type of piston 
are shown in the accompany- 
ing cuts. . 
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The three essential requirements of a piston are: 

1. Strength to withstand the pressure of the steam. 

2. A steam tight joint between its circimiference and the 
cylinder walls; 

3. Ability to move with very little friction. 

SNAP RINGS 





Pig, 126. — "Snap" piston rings. First used by Ramsbottom, an English engineer, and some- 
times called "Ramsbottom 's rings." Thev are turned somewhat laiver in external diameter 
than the bore of the cylinder, and after being cut across so that they may be compress^ 
to fit the cylinder bore, are fitted into recesses turned in the piston face. 

According to5eaton, in the early days, owing to ipiperfect tools, cylinders 
were not bored true nor were the sides very smooth. Since the steam 

gresstires at that time were quite low, pistons could be made steam tight 
Y coiling rope or junk soaked in mdted tallow in a groove on the rim of the 
piston as shown in fig. 125. 



SNAP RINGS 
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EXTENDED FOLLOWER 

Fig. 127. — Snap rings fitted to extended follower. This permits removal of rings without 
taking out the piston. 



The gradual increase in steam pressures soon caused the junk packing 
to give way to something more substantial. 

Ramsbottom was the first to introduce metallic rings for piston packing. 
These rings, of small rectangvdar cross section, are turned somewhat larger 
in external diameter than the cylinder bore, and after being cut across, 



J 
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enough metal is filed ofE at the cut so as to compress them to fit the cylinder 
with the proper tension. The piston is turned to an easy fit and the rii^ 
fitted into recesses turned in its edge. 



is,— Snap lin^ £tted to bull tinf. This is 



[n of the junlc ring, the proJBctios 
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'XGS. 129 and 130,- 


Moda of turning snap ringa to secu. 
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: aloDji the circumfep- 



S3 
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These rings are usually called snap rings, sinoe in putting them on the 
piston they "snap together" when they fall into the recesses. 

In 6g. 126 is shown a piston fitted with two snap rings; wheqplacedso the 
joints are not in line, the piston is practically steam tight. This is a de- 
sirable arrangement for small, -i^uick running engines, but for large engines 
it has the objection that the rings cannot be removed without taking out 
the piston. This is overcome by fitting an extended follower consisting of 
a ring having cast with it a cylindrical extension, which goes down into a 
recess^ and which is bolted to the outside face of the piston, snap rings being 
fitted into recesses turned on the outer drcumference of the spigot as shown 




in fig. 127. By removing the bolts, the extended follower which carries the 
snap rings may be easily removed from the cylinder. 

A modification of this arrangement consists of casting the extension 
separate. It is then called a bull ring and as shown in fig. 1 28 is held in place, 
together with the packingj'ings, by another ring called the follower nng. 

Snap rings are usually made of tough, close grained cast iron, and turned 
eccentric as shown in fig. 129, being cut at the thinnest part. The object of 
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this is to cause the ring to press against the cylinder bore with uaiform 
pressure at all points on the circumference. 

The several ways of cutting snap rings are shown in figs. 131 to 133. Re- 
cesses for snap rings are turned deeper than the thickness of the rings to 
allow a transverse movement independent of the piston body, thus pro- 
viding for lack of alignment between the piston and the cylinder. 

In large cyUnders, the necessary pressure of the ring against the cylinder is 
secured by means of a seriesofspringsas shown in figs. 134 and 135. In this 
construction the packing rine usually consists of one large ring pressed 
outwards against Qie cylinder by springs, and retained in place by a follower 
pl&te. 




In construction, the body of a piston is either made: 

1. Solid; 

2. Hollow, or, 
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3. Built tip. 



n disc of sufficient thickness to recdve the snap rings. 




Fig. 147. — Coa« pioton at forged stcet; very light coiutmction uid a deaiiabla foim for boata 




cminatum ot iQidsr and hgll tine "itti >^ packnig ringf. 
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In the larger sizes, the piston is made hollow with streiigth«iiiqg ribs 
^or reinforced Dy stay bolts to leduce the weight, as shown in figs. 134 and 135; 
this is called a box piston. Sometimes, instead of cast nbs, this fann (A 
piston is reinforced by wrought iron or steel stay bolts to further reduce 
the weight, as shown in fig. 145. 



Pics. 150 to 16!.— BmwneU pBlod. rings, and pi*loo rod. The piston Is of tl 




cored and provided with two spring packing rings cut in such a manner tfai 
a Itcsm ti^t joint. The piiton a praaei on the rod by hydraulic pressure 


>t they m^ 


. and held ia 



Where great strength and tight weight are required, as in the case of 
high speed marine engines, pistons ere made cone shaped, fig. 146, and for 
extreme light weight they are constructed of cast or lotted steel, fig. 147, 
with one or more packing rings 



The piston is ol the hollow cast iron type 1 
of hammered crucible steal. It is fitted in 

heavy nut. The piston rod is screwed int 

jamised tight agamst the boss on the crosahaad. 

The built-up type of piston is shown in figs. 148 and 149. It consists of; 
1, a spider com^sed of several radial ribs, and a face cast witha central hub, 
and an outer nng; 2, a bull ring fitting over the outer ring and carrying 
the packing rings, and 3, a large follower ring enclosing the interior spa cl" 
of thepiaton and fastened to the spider by a number of bolts. The bull 
rin^ may be adjusted for proper alignment between the piston and th« 
cylinder by means of the set screws. 
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The Piston Rod. — The load due to the steam pressure acting 
on the piston is transmitted by the piston rod out through the 
stuffing box to the crosshead and connecting rod. The alternate 
stresses of compression and tension which come upon the rod 
in rapid succession, severely test the material of which it is made, 
and since it is desirable that the rod be of small cross section, 
■ it is usually made of the best steel. 

The piston rod has a uniform cylindricai shape except at the 
ends where it is joined to piston and crosshead. The rod should 



FlGS.IS7t«lfi9.— Difterentmett - -, , . „ 

fit with Ahould^, end riveted; fiff. 153, tApered joint secured by livetins; fia. 159 tapered joir 
vritb Btioulder to prevent etiiing, secured by » nqt. 

fit steam tight into the piston and be firmly secured to the latter 
so as to hold it rigid against shocks. 

There are numerous ways in which the rod is fastened to the 



A simple method consists in reducing the diameter of the rod at the end, 
leaving a shoulder and making a. shrink fit between the rod and piston; 
the rod is then riveted to the fiiston as shown in fig. 157. While this makes 
a cheap and firm joint, it is objectionable in that the rod cannot be readily 
removed. 

To overcome this it is usual to make the end tapered or conical, as 
shown in fig. 168. If the taper be very slight the rod can be easily made a 
tight fit, but unless formed with a shoulder at the end of the taper, it vriU 
in time become so tightly held by the piston as to withstand all attempts at 
withdrawal, and there would be danger of splitting the piston by the 
wedging action. 
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z. The most usual method of securing the rod to the crosshead 

.:i a threaded joint and lock nut as shown in fig. 165, This has 

be advant^e of permitting adjustment of the rod length so that 




to the piston rod by cocuu ol a !»/■ 



:> ' he clearance spaces at the cylinder ends may be equalized with 
»rtainty, 
, The manner in which the rod is fitted to the crosshead de- 
o, jends somewhat on the type of the latter. 

■-. ' A form commonty used for marine engines is shown in fi^. 1S2 to 164, 

oonsisting simply of a shoulder, taper, and a nut for holding the rod in 
,; -i ■ portion, 

.'>- Another form used extensively in marine and other types of engines, 

.' r consists in forging the body of the crosshead in one piece with the rod as 

r.' shown in figs. 166 and 167, This construction has the serious objections, 
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Tttsa. 162 to IM. — MArint type o£ piston rod tonneetion withcfD«ihe»d,liavineBi 
joint Becured by b out. Vith ttut conatrtictioii the height of tta«' engine ii lednced, 1< 



Fic. 105. — Usual method of seeming the piston rod to the crosshead by ■ thnided joint «i4i 
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however, that if anything happen to the rod; repairs are not so easily nor 
qtiickly made as when the rod is a separate part, and the rod cannot be 
removed without disconnecting it from the piston. 

On locomotives the piston rod is ustially secured to the crosshead by means 
of a key, figs. 160 and 161, the end of the rod fitting into a tapered hole 
in the crosshead. 

When the engines are run intermittently and are idle for 
long periods, special care should be taken to protect the piston 
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Figs. 166 and 167. — ^Piston rod and crosshead forged in one piece; an objectionable though, 
common construction. 



rod from corrosion and pitting. If a rod become pitted, it will 
be difficult to keep the stuffing box tight. When an engine is 
to remain idle for a length of time, the packing should be removed 
and the rod well oiled. 

To prevent corrosion, rods are sometimes made of phosphor 
bronze which has about the same strength as steel, and although 
more expensive is well worth the additional cost for engines which 
are to be run only occasionally. 
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Is inserted in holes bored i 



by a nut Z. At either side of the wrist pin 
M 



The Cross Head and Guides.— 

A cross head is simply a "sliding 
hinge" which joins the piston rod to 
the connecting rod. By means of 
giiides, it prevents the bending of 
, the former which otherwise would 
occur on account of the side thrusts 
of tlie connecting rod. 

The design of the cross head 
varies more than any other detail 
of an engine. 

It consists essentially of a body, fig. 
230, having two jaws B and C, between 
which the connecting rod is pivoted by 
the virist pin W, fig. 231. This pin 
the CTOsshead body, and held firmly in place 
' " - - ' ■ bearing surfaces M and S, 




Pigs. 230 uid 231.^~Croo 
the jam B and C, -iid t 
the guides, and N, the 
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c^Uled gibs*. These run in suitable guides which take the side thrusts of 
the connecting rod. The two jaws come together in a neck N to which is 
iattached the piston rod. 



Fto. 232.— Wris 



a ^^d™ ' 



not requifuiB such preoidon in michiniog as when both ends we tapered. 

The usual form of wrist pin is shown in fig. 232. That part in 
contact with the cross head body is usually a tapered surface 
which can be drawn into very firm contact by the nut on the end. 
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On loosening the nut, the pin is easily withdrawn. A key is 
usually inserted in the pin to prevent any turning. 



Fig. 234. — Wrist pin viih tapend and threaded endi. This corutniction liu the objection 
they an nibjacted. 




Fic, 235. — Bipuiding vriit pin. The ends are split and cylindrical, fitting accnrataly the 
boles in tbe cneaheod jawa. An inner or eipiudinfl plus having tapered ends lb drawn into 
the hollow wriat pin, tbua expandinjf the enda. and firmly retanung the pin in poiition, an 



objectionable conatruction. 

On some crossheads only one end of the "Wrist pta is tapered while the 
other is cylindrical as shown in fig. 233. 
Another form of wrist pin is tapered at one end and threaded at the 
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other, as shown in fig. 234, a. lock nut being provided to retain the pin in 
position. 



pM9 through ths Saaia. 



erbyth 

- sN^N' 

a loacther b]' bolU, Ughtly gripiUDV tli 



STEAM ENGINE PARTS 



Some forms of wrist pim have no 
taper at the ends In this class 
baongsthAtxpaTidingpiti as shown '.' 
in fig. 235, The wrist pin is bored, • 
and the bore tapered and split at 
each end where it rests in the cross- 
head To the taper in the pin is 
fitted a, steel plug. In attaching the 
pin to the crosshead, the tapered 
plug, by means of a Jiuely threaded 
end and nut, is drawn in, expandins 
the ends of the wrist pin against the 
sides of the crosshead This type of 
pin ia used to advantage when only 
one side on the crossfaead is accev 
sible. However, the author's ex- 
perience with tlds pin is that unless 
it be a very close nt with the cross- 
head it will work loose after being 
expanded by the plug, hence, it is 
not to be recommended. 

A better method of fastening the 
wrist pin where only one side of the 
crosshead is accessible is shown in 
figs. 236 and 237. 

A form of wrist pin known as the 
compression typt is shown in figs. 238 
and 239; the ends of the pin are 
without taper. The pin which 
accurately fits the holes m the cross- 
head jaws is notched at each end to 
conform to the bolts which project 
within each hole. Each jaw is split- 
as shown, hence, when the pin ia in 
position the bolts are tightened 
which causes the jaws to firmly grip 
the pin. Several notches are pro- 
vided at the ends of the pin so its 
post^n may be changed from time 
to time to prevent the pin becoming 
flattened on account <A wear. 

The gibs o£ a crosshead may 
number one, two or fotir, but 
liberal bearing surfaces are pro- 
vided on account of the velocity 
with which they move. 
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When a horizontal engine runs over, all the pressure and wear 
comes -upon the lower slipper , as in fig. 240; if the engine run 
under, all the pressure and wear comes upon the upper slipper^ 
as in fig. 241. 




Pig. 242. — Cross head of the Reeves engine. A sin^e bar madhined on all four sides serves aa 
the guides. This type i* frequently used on manna engines. 

Since lubricants flow over the lower guide more easily than the upper, 
and since it is easier to resist the strain on the k>wer guide, as it usually 
rests on the bed plate, it is customary to cause horizontal engines to run 
over rather than -under. 





Figs. 243 and 244. — ^Twin City Corliss cross head. Cylindrical gibs with cross wedge adjustment. 

The greatest pressure upon a guide occurs when the piston is 
near the middle of its stroke which gradually diminishes in intensity 
to zero at the end of the stroke. 



The pressure on the guide being, therefore, very small near the ends of the 
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stroke it is not necessary that the entire surface of the gib be in contact 
with the guide at these points. * Hence, the guides may be shortened without 
harm and the gib be allowed to overtravel to quite an extent as shown in fig. 
245. This is done to advantage in engines of very light weight or where parts 
may be made more accessible. In any case, the gib should overtravel the 
guide to prevent wearing a shoulder at the stroke ends.f 



The guides may be one, two or four in number, 
engines quite frequently only one is used. 



In marine 




Pig. 245. — Detafl of marine crosshead and guides illustrating overtravel. The gibs may pro-* 
ject considerably beyond the end of the guide at the stroke ends, because the thrust on the 
guide diminishes to zero at the dead centers. The gibs should overtravel because a full 
length guide is unnecessary, and the parts are usually made more accessible by the shortened 
guides. 

In this case there are two constructions: 1. In which the guide is sur- 
rounded by the crosshead as shown in fig. 242; 2. In which the crosshead 
projection containing the rubbing surfaces is partially surrounded by the 
guide as shown in figs. 246 and 247. 



•NOTE. — ^The side thrust on the guide at any point of the stroke is obtained from the 
formula: side thrust « total load on the piston multiplied by the tangent of the angle which 
the connecting rod makes with the line oi the piston rod ^p X&nd, When the connecting rod 
is 2fti times the length of the stroke (the usual proportion), the maximum angle of the con- 
necting rod with the line of piston is 11° 33' and the tangent of this angle is .204 or 
approximately .2, hence, the greatest side thrust on the guide is .2 or 20 per cent, of the 
Twp-rim«m load on the piston. For a 2:1 connecting rod, tand ».258; for 3:1 rod, tantf = .169. 

tNOTE. — ^The pressure between the crosshead slipper and the guide should not exceed 
100 pounds per square inch of slipper surface. On many engines it is much less. In loco- 
motives the pressure ranges between 40 and 50 pounds on account of dirt, cinders, etc. 
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This tj^e is in fact two guides in one, and is peculiarly suited to marine 
engines since the area of Uie backing guides B, B', need not be as great as 
that of the forward guide A. As a marine engine is run in the forward 
direction most of the time the backing guide may be of small area without 
harm, thus saving in weight and making the parts more accessible. 



Cross heads for 
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engines are sometimes made without a 

wrist pin and carry instead, the 
wrist pin bearing, the pin in the 
construction forming a part of the 
connecting rod. 
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A marine crosshead of this type is shown in figs. 166 and 167. This is 
formed on the end of the connecting rod and is objectional in some respects 
as previously mentioned. 

Stationary engines sometimes have crossheads designed for 
four guides, as shown in figs. 249 and 250, which is a view of 
the Porter-Allen crosshead and wrist pin. 



Lft. This t^'pe which has 




Fics. 2SI and 2B2. — MunBy-Corlis3ctos»head,hairiiigcyliiidnc»lmb« with wedge Bd]u»tment. 
Bendes the adjusting bolts with lock nuts, two other bolta are provided to prevest the 
pooibility of their becoming loose. 
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Locomotive cross heads are made for one, two and four guides 
as shown in figs. 253, 254, and 255, 256. 



ff 
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Pig. 251. — Locomotive crou head 
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In general the rubbing surfaces of the gib and guide may be 
either pfene, inclined or cylindrical.* 

The gibs are usually made of some other metal because there is less fric- 
tion between rubbing surfaces of dissimilar metals than when made of 
the same metal. Brass, white metal and other alloys are used for gibs. 
They are usually of brass with babbet, or white metal inserted into grooves 
or arcular holes. 

V 

On account of the ease of alignment the cylindrical or turned gib is 
generally used. . 





Figs. 257 and 253. — PishkiU-Corliss crosshead. The cylindrical gibs are adjustable by means of 
transverse eccentric keys as shown in the sectional end view. A key is used to secure the 
piston rod. 



To allow for wear between the rubbing surfaces, gibs are made 
adjustable. There are various methods of adjustment, the 
simplest of which is the insertion of paper liners between the 
gib and crosshead body. 

Another mode of adjustment is by means of inclined surfaces, moved by 
bolts, or eccentric keys. 



*NOTE. — Cast iron, hard and c1<»e grained is considered the best material for guides. Its 
surface after a few hours' work becomes excenlingly hard and highly polished and offers verv 
little resistance to the gib. So long as this hard skin remains intact, no trouble will be experienced, 
but if abrasion take place from heating or other cause, it rarely works well afterwards and 
should at once be planed afresh. 
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There are numerous modifications of this mode of adjustment 
as shown in the accompanying cuts. 



— Crouhead of Am« sinale valve engiiic. Itia of Kini-boi Kction and fitted both on 
id bottom with lemovablo shoei apotted with babbitt fomung about 40% of the wearing 
e. The tapered pia ia held ia pcmitioa bjr four tap bolts paasing throiigli the head of 
n- Tty removing tliesefovirbolts and replacing in tappedhofcsprovided in the flange, the 
uily be dTswn from the cnui head w.ihou t the uia of a iladt*. maldng it pouible 
..J — I — .1.- _.-_ c .L. , — . .z^ q£ (jjg engine. The pin may bo tinned 



Pic 263. — Clyde hoisting engine cros» bead aod guide. The crou head u of the 

. — ._! -. i„_j _u[| bronie gibs. In rrvirsi - ---- "- 

ith top and bhtlom aides of gi 
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The first named method of adjustment by inclined surfaces is shown in 
figs. 2S9 and 260. The gibs S, S, rest on inclined surfaces M, M', of the 
cross head, and by moving them to the left they will be spread further 
apart. By this means wear may be taken up between the rubbing surfaces. 
A stud A, attached to either side of thecrosshead.passesthroughaprojection 
on each gib. The gibs are retained in any position by means of these studs 
and the nuts B, C, and B'. C 




Figs. ZM and 265.— Hatm-corliss cross head. ITie Dibs have V shaped faces with wedge »d- 
juatraedt. A movable, concealed wedffe operated by the through bolt, permits the aojost' 
□lent of the gibs without any lengthwise movemeat of the latter. 




L 



schilling is carefully dooe; t. loose fit will cauM ti 
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To make the adjustment, liut B, is first loosened and then nut C, tight* 
ened until the gib is in the desired position, nut B^ is then tightened which 
lodes the gib in place. 

There are numerous modifications of this mode of adjustment 
as shown in the accompanying cuts. 

The cross head shown in figs. 264 and 265 has the rubbing smiaces inclined 
and the adjustment for wear is made by concealed wedges operated by 
fore and aft adjusting bolts. 

Adjustment by means of eccentric keys is shown in figs. 257 and 258. The 
gibs are fitted with four tapered keys which work crosswise; the con- 
struction is plainly shown in the two views. 

Cross heads are attached to piston rods by screwed^ joints, or 
by means of keys. 




Pigs. 268 and 269. — ^Eclipse Corliss connecting rod. The type generally used on slow and 
xmedium speed engines. The rod of^citcular section tapers from the middle to the foi^ged ends 
whidi contain the crank and wrist pin brasses. A* conrntrwieted, one adjustment lengthens 
the rod, while the other shortens it, the combined effect is to keep the length the same. 

In the. first method, either a lock nut is provided to prevent the rod 
turning, or else the neck of the cross head is split forming a spHt bushing 
as shown in fig. 266. The rod, after it is screwed into the bushing, 
is clamped by two bolts with lock nuts. The principle here employed being 
the same as with the wrist pin in fig. 239. In either case, first class machine 
work is necessary as more or less trouble is experienced with a loose fit. 

The Connecting Rod. — The to and fro or reciprocating 
motion of the piston is converted into a rotary motion by the 
connecting rod, which joins the crosshead to the crank. The 
connection is made by the wrist and crank pins, for which there 
are suitable bearings at the ends of the rod. 

The length of the connecting rod, measured between the 
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centers of the wrist and crank pins, is usually two to two and a 
half times the length of the stroke; the latter proportion, says 
Thiu^ton, giving a long and easy working rod, and the former 
a rather short, but yet a manageable one. 

The rod must be strong enough to resist not only the alternate 
stresses of tension and compression, but also the bending stresses 
due to its oscillation. 



^^ 
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PHM-aTOand 371.— Ball u 
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For eoKinee of slow and medium rotative speed, the rod is usually of 
circular cross section, tapered from the center to both ends as shown in 
figs. 2aS and 269. 



Most connecting rods are made of steel while the bearings or 
brasses are of brass lined usually with Babbitt metal. The rod 
ends are solid or built up. 

There are various arrangements for adjusting the brasses to 
take up wear, such as: 
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1. Blocks; 

2. Bolts; 

3. Gibs and cotters. 

Figs. 272 and 273 show a solid end with block adjustment. A rectangular 
slot is cut in the enlarged section in which is inserted the brasses A and B, 
having suitable flanges C and D, to retain them in the slot. A wedge ^aped 
block £ is fitted to the slide upon B, thus bringingA and B closer together 
and reducing the size of the bearing. Two bolts, F and G, are threaded in 
the ends of the block to secure it in position. 

To adjust the bearing, F is first loosened and then G tightened to the 
desired amount. The block is then locked in place by tightening F. 




Figs. 272 and 273. — Solid end with block adjustment; tised extensively on Corliss oonnectinff 
rods for both the wrist pin and crank pin. The parts are: A» B, brasses, A being pxoyided 
with flanges C, D; £, adjusting block or wedge; F, G, adjtistment bolts which retain the 
block in the desired position. 



On marine engines the adjustment is usually made by means of bolts 
especially at the crank end, as shown in figs. 274 and 275, on account of the 
ease with which it is disconnected from the crank. The rod ends in a T sec- 
tion A, upon which is placed the brasses B and C and an iron or steel cap D. 
Two bolts E and F pass through these several members, securing them 
firmly together. A set screw G locks the bolt nuts. 

Sometimes the set screw is omitted and the two nuts provided for each 
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bolt which serves the same purpose. Liners H, are inserted between the 
brasses to prevent them seizing the pin when the bolts are tightened. 

To adjust this bearing the bolts are first loosened and then one or more 
liners removed or replaced as the case may be, the bolts tightened, and 
the nuts locked by the set screws. 
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The wrist pin end of a marine rod is made in several ways. 
It maybe: 

1. A solid end with block adjustment as shown in fig. 276; 




1 



-h' 



s 



3 



f IG. 277. — ^Marine connecting lod with forked wrist pin end; tlie two branches carry the wrist 
pin. 

2. A. forked end having two arms 
to which is attached the wrist pin 

(fig. 277); 

3. A forked end carrying two 
wrist pin bearings, as shown in 
figs. 274 and 275. 

In the second mentioned cx)nstruction 
it should be noted that the wrist pin 
is made fast to the rod instead of to the 
crosshead. This requires that the cross- 
head contain the bearing. 

Many marine engines of the smaller 
sizes have this type of rod end. Figs. 
279 to 231 show the style crosshead 
used with rod in position. 

In figs. 232 and 283 is shown a built up 
rod end with gib and cotter adjustment.* 
The rod end A which is of enlarged rec- 
tangular cross section and the brasses 

Pig. 278.; — Marine connecting rod with forked wrist pin end, containing a double bearing for 
the wrist pin. ^ The advantage of this form of rod is that the height of the cylinders may- 
be less than with other types; it is difficult, however, to make uniform adjustment of the 
two bearings. 




NOTE~Co«/»«M«d. 

hence, it is better able to resist the severe shocks that come upon it. To provide for uneven 
adjustments each boH is -made large enough to carry two-thirds of the load and so pro- 
portioned that the stress on it does not exceed 5,000 pounds per square inch at the smallest 
cross section. Since in adjusting the bolts more pressure is liable to be brought on one than 
the other, two-thirds of the load would be considered as being carried by one bolt in determining 
its size. 
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Pigs. 282 and 2B3.~Built up connectuia rod with gib and cotter adjustnunt. Tlw puti 



L 



Pigs. 282 and 2B3.~Built up connectuia rod with gib tu 
A, itub end of rod; B Aod C, bituteni D, (trap; E bi 



otrap; E andP, cotten; G, gibi H, HtK 
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B and C are held together by a strap D, two cotters E and P and the gib G. • 
The latter is a wedge shaped key, which on being driven in, forces the 
strap to the ri^t, Uius bringing the brasses closer together. The gib is 
retained ia the desired position by the set screw H. 

Sometimes the cotters E and F are omitted and the strap fastened to 
the rod, as shown in figs. 284 and 285, by the bolts A and B. The brasses 
are adjusted by the gib G which has a threaded end and nut C. At E is 
shown a wiper oil cup. 




Fics. 284 and 



Two other methods of gib adjustment are shown in figs. 286 and 287. 
In each case the gib is attached to a bolt; in fig. 386 the bolt forms a part 
of the cotter, and in fig. 287 the cotter is omitted, the bolt being threaded 
into the rod end. 
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If, as a restilt of adjusting the brasses of a connecting rod, its 
length be changed, the clearance at the two ends of the cylinder 
will be altered. 





Figs. 286 and 287. — ^Two methods of gib adjustment. Pig. 286.— ^Gib attached to bolt which 
forms part of the cotter; fig. 287, cotter omitted. 

To prevent this, the rod is sometimes constructed in such a way that 
tightening up the brasses at one end lengthens the rod, and tightening at 
the other end shortens it as shown in fig. 288, where taking up wear at 
the crank pin end pushes the outer brass in and shortens the rod, while a 




Fig. 288. — Twin City Corliss connecting rod with solid ends and block adjustment. The 
blocks or adjusting wedges are on the same side of the pins, thus tending to maintain a 
constant length of rod. 




similar adjustment at the wrist pin end moves the inner brass outward 
and lengthens the rod. Thus, the effect of the two adjustments tends to 
keep the rod length the same. 

A modification of the solid end rod is shown in fig. 287, which 
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is a desirable rod for a large engine; it is known as the "hatchet 
end*' type. 

By this arrangement, when the bolt is removed from its position it allows 
a side of the strap to be taken out, so that the rod can be easily Ufted off 





Fig. 289. — ^The "hatchet" end tyi>e of connecting rod as iised on the Harris'Corliss engine. 
A desirable form for large engines, permitting easy removal of the brasses. 

the pin. The adjustment of the brasses is made by means of concealed 
blocks, set up by adjusting bolts. 

On some rods the end is made removable instead of the side. A rod of 
this kind is shown in fig. 290. The block A at the end is dovetailed to fit 




Pig. 290. — Connecting rod of the Ames engine. The extreme end is a separate piece removable 
b^ taking out the end bolts. The brasses are then easily accessible* The rod is provided 
with block adjustment. 



the ends of the fork and is held in place by a large bolt as shown. By re- 
moving the bolt and block, the bearing may be taken out from the rod 
for inspection without disturbing the adjustment. 



In single acting engines it is not considered necessary by some 
to use refined methods of taking up wear. 
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Pig. 201 shows the connecting rod used on the larger sizes of Westins- 
house vertical single acting engine, no special provision being made for aa- 
justment. 




Fig. 291. — ^The Westinghouse connecting rod for high speed, short stroke engines. On account 
of the large cylinder diameter in jwoportion to uie stroke, the bearings are of anamal sisa 
for the length of rod. 

The strap is held rigid in place bv two tap bolts passing through the rod 
end and threaded into one side of the strap. The bronze bearings are lined 
with Babbitt metal and ^re kept in place sidewise by flanges which embrace 
the sides of the strap and rod. 

When lost motion becomes unusually large it may be taken up by in- 
serting between the stub end of the rod and the bronze, one or more pieces 
of thin sheet steel known as shims or liners. 

Fig. 292 illustrates the general proportion of a 
rod suitable for a short stroke high speed engine. 

The rod ends are very large in proportion to the 
length of the rod. This results from the large cylinder 
diameter as frequently in engines of this class, the 
diameter is greater than the length of the cylindo', 
and the length of the rod with respect to the stroke is 
usually less than for ordinary service. 

Ques. What is a ''gudgeon**? 

Ans. A gudgeon is an obsolete name for a 
wrist pin. 

Fig. 292. — Sturtevant connecting rod for vertical sinsie en|[ine. The rod is an open heaxtii 
steel forging. The nuirine type crank i^in box is of babbitted malleable iron or senu-atcM, 
dei>endent on sise. The wnst pin box is also of the marine tyi>e, except in the larger -^—^ 
"Which are of the solid end type with wedge adjustment. 
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Ques. Is the full force exerted on the piston trans- 
mitted to the cranli:? 

Ans. Only at the dead centers. At any other point of the 
stroke, part of the force is transmitted as a side thrust to the 
guides. 

Ques. When a force is thus divided into two or more 
forces acting in different directions what are they caUed ? 



PRESSURE 




ON PISTON 

PRESSURE 
ON GUIDE 




•GUI DC ^^ 



CRANK 



Fig. 293. — Parallelogram of forces showing the two component forces at the crosshead due to 
the thrust of the piston. By means of this diagram the pressure on the guides and on the 
crank pin can be obtained. 



Ans. Components, The original force is called the resultant 
because it is the equivalent of the several component forces. 

Ques. How may component forces such as those pro- 
duced by the action of a connecting rod be measured ? 

Ans. By drawing a parallelogram of forces as in fig. 293. 

In the skeleton diagram of the moving parts of an engine, the line of the 
piston is extended, and with any suitable scale the distance A B marked 
oflf so that it will represent the total load on the piston. 

For instance, if the total load on the piston be 500 pounds, and the scale 
taken be 100 pounds to the inch, then A B will be five inches. 

At A, the center of the wrist pin, the force transmitted to the piston rod 
by the piston will split up into two component forces, one actmg in the 
direction of the connecting rod and the other acting perpendicular to the 
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guide. The intensity of these forces is found by drawing lines through B, 
parallel to the directions in which they act, giving the points C and D. By 
measuring A C and A D, with the same scale as was used in laying off A B, 
and multiplying by the pounds per inch the intensity of the forces is 
obtained. 

The thnist on the guide, when the connecting rod is at its maximum angle 
with the axis of the piston rod, may also be found by "ttie formula: 

Thrust =j^ tan ^ 
in which 

^= total load on the piston, 
V= maximum angle o? connecting rod 
The angle $, is the angle whose sine = J^ stroke of piston-*- length of 
connecting rod. Its values for rods of different lengths are: 

Ratio of length of connecting rod to stroke 2 2H 3 

Maximum angle of the connecting rod 14** 29' 11** .33' 9*36' 
Tan d .258 .204 .169 

Example. — ^If the total load on the piston be 5,000 lbs., and the length 
of the rod be 2H times the stroke, then the maximum thrust on the guide is : 

6,000 X.204 = 1,020 lbs. 

Ques. How does the thrust of the connecting rod act 
on the crank pin? 

Ans. It is split up into two component forces. One acts in 
the direction of a tangent* to the circle described by the crank 
pin which causes the crank to turn, and the other acts in the 
direction of the axis of the crank arm which causes the shaft 
to press against its bearing. 

Thus, in fig. 294, the thrust of the connecting rod is split up at A, into two 
component forces, one acting in the direction of the tangent A M, and one 
in the direction of the axis A O. By laying off A B, equal to the thrust of 
the connecting rod, and completing the parallelogram of forces, the points 
C and D, are obtained giving the lines A C and A D, whose lengths repre- 
sent the intensity of these forces. 

Ques. What is the component A G, called? 

Ans. The tangential, or turning force. 



*NOTB. — A tangent to a circle is a straight line drawn through a point on its dream* 
ference and perpendicular to a line joining this point at the center. 
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Ques. What is the nature of this turning force? 

Ans. It is always less than the force acting on the piston. 
It increases from zero at the dead center to a maximtun near 
the center of the stroke and then diminishes to zero at the end 
of the stroke. 

Ques. Since the turning force is always less than the 
force acting on the piston, is there not a considerable loss 
of power caused by this peculiar action of the connecting 
rod? 




Fig. 294. — ^Parallelogram of forces showing the two component forces at the crank pin. By 
means of this diagram the tangential force or "turning effect" can be obtained for any 
crank position. 

Ans. No. Neglecting friction, the same amount of work 
that is done on the piston is delivered to the crank pin by the 
connecting rod in turning the shaft. 

Ques. ' Why is there no loss of power? 

Ans. Because during each stroke, the crank pin travels a 
greater distance than the piston. Hence, the smaller turning 
force by acting through a longer distance, does the same amount 
of work as the larger force on the piston acting through the 
shorter distance. 

Work is the product of two factors: force and distance through which 
the force acts. These two factors are inversely proportional for a given 
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amount of work; that is, if one factor be increased, the other is dinunished 
« like amount. For instance, to raise one pound ten feet requires the same 
amount of work as is required to raise ten pounds one foot, or two pounds 



Ques. What Is the nature of the motioa of the piston? 

Ans. It starts from rest at the beginning of the stroke, 
increasing to a maximum near the middle, then diminishes imtil 
it again comes to rest at the end of the stroke. 




Pic 20B. — DUgrstn sbowing the oSocl ot the anolnrity cf Ihi coiBueHHt 

1_ _j 1. *f(j^ each end of the stroke, the Bngulanty of the rod o 

■a forwani BtrT}ke, thaa en the return Btri^te- 



■s of di^^rama. 

Ques. What effect does the connecthig rod have on the 
movement of the piston? 

Ans. Starting at the beginning of the forward stroke, the 
incUnation or angulanly\ of the rod with respect to the cylinder 
axis, causes the piston to move somewhat more than half its 



([cntiil speed of a piunt oi 

tNOTE.— The "Bngularity" . 



i. the speed of a be' 



t leares sl pullex i^ 

s called the dblhiab- 
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stroke while the crank is moving the first quarter of its revolution, 
somewhat less than half stroke during the second and third 
quarters, and again somewhat more than half stroke during the 
fourth or last quarter of the revolution. 

In fig. 295 is shown the effect of the angularity of the rod in distorting 
the movement of the piston. In the diagram the piston is not shown 
since its position with respect to the stroke corresponds exactly to that of 
the wrist pin C. 

The connecting rod is shown in two positions, C R and C R', such that 
the crank pin has traveled equal distances A R and B R' from the dead 
centers. The piston positions are indicated by C and C, the piston having 
traveled on the forward stroke the distance M and on the return stroke the 
distance S. For equal crank pin travel from each end of the stroke, it is 
thus seen that the piston travels further on the forward stroke than on 
the return stroke 

Were it not for the angularity of the rod, the piston would travel the 
equal distance M' and S'. The connecting rod then increases the piston 
travel by a distance N C on the forward stroke and diminishes it by a dis- 
tance N' C on the return stroke. 

Ques. On what does the amount of this distortion of 
the piston movement depend? 

Ans. On the length of the connecting rod. 
The shorter the rod the greater the distortion. 

Ques. What important effect has the angularity of the 
rod on the steam distribution to the cylinder? 

Ans. It causes cut off to occur too late on the forward stroke, 
and too soon on the return stroke. 

Ones. What is a "Scotch yoke?" 

Ans. A device sometimes used instead of a connecting rod. 

It consists of a metal frame similar to a Stevenson link but with straight 
sides as shown in fig. 296. To the center of one side is attached the piston 
rod. A continuation of the rod from the other side passes through a bearing 
which prevents any side movement of the voke. The crank pin passes 
through a block which slides to and fro in the yoke. 
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Ques. What are the advantages of a Scotch yoke? 

Ans. There is no distortion in the piston movement and the 
■crank shaft may be placed nearer the cylinder than with a 
connecting rod. 

Ques. 'Why then has it been displaced by the con- 
necthigrod? 

Ans. Because the good features of a Scotch yoke are more 
than ofEset by the friction and wear of the block and by the 
extended piston rod and outer bearing. 



Pig. 208.— The "Scotih volte." _ Used to eome, e«t«it oa t 

The Crank Shaft. — The to and fro, or reciprocating motion 
of the piston is converted into rotary motion by the crank shaft 
which consists of: 

1. The shaft; 

2. The crank arm; 

3. The crank pin. 

In construction, the crank shaft is either built up from separate 
parts or made from a solid forging. 

According to the type of engine, it may be classified as: 
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1. Overhung crank; 

2. Center crank; 

3. One, two or more 
cylinders. 



throw according to the number of 




I 4 



KCvvwi»ar 



I ocjKmNa 



I 



Fig. 297. — ^Usual fonn of shaft for a stationary eiudne. The erank arm is fitted to the end A, 
which is turned to slightly reduced diameter, llie keyway in the central portion is for the 
fly wheel. 

In the built up type as generally used on stationary engines, 
the shaft itself consists of a cylindrical piece of suitable length 
as shown in fig. 297. 

A portion of the shaft, A, upon which the crank is fastened is sometimes 
turned to slightly smaller diameter, thus forming a shoulder against which 
the crank is driven when being fitted. The length B is made such that there 
is sufficient room for the bearmgs, valve gear and fly wheel. Two keyways 
are provided, as shown in the figure, so that the crank and the fly wheel 
may be keyed to the shaft and thus prevented turning on the latter. 




Fig. 298.— Approved form for a long shaft carrying a heavy fly wheel. The enlarged central 
portion gives stiffness to prevent springing. 



On an engine having a heavy fly wheel and long shaft, it is 
usual to make part of the shaft tapered as shown in fig. 298. 
This gives great strength to resist bending stresses. 
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In some cases, instead of reducing the shaft diameter for the crank as 
in fig. 297, a shoulder is formed by a projection or flange as shown in 
fig. 299. 

The crank consists of an arm with a boss at each end, one to take the 
main shaft and the other the crank pin. The arm is made solid, or of webbed 
cross section as shown in figs. 300 and 301. 




Fig. 299. — Crank end of shaft with flange instead of shotilder. With this construction the 
diameter of the shaft is not reduced at the crank end. 

The crank is secured firmlvr-on the shaft by makii^f it a drive or shrink 
fit and further secured by a key.* 

The shrinking is done by boring out the hole a shade smaller than the 
shaft, then heating the crank around the hole, thus causing the material 
to expand and the hole to become larger. The crank is then placed on the 
shaft, and on cooling it contracts and grips the shaft with great firmness. 




Figs. 300 and 301. — Webbed crank arm. The crank is ustially fastened to the ^aft with a 
drive, or shrink fit, and further secured by a key. The parts shown are: A, shaft; B, 
webbed crank arm; C, crank pin; D, boss at shf^t end; D', boss at pin end; B key. 



The crank pin is usually forced in place by hydraulic pressure, or fitted 
by shrinkage and the end riveted as at D' in fig. 300; as a rule no key is 
provided. 

The proportions between the diameter and length of the crank pin vary. 



*NOTE. — The standard proportions for a key are: width «^ of the shaft diameter, 
thickness " H of the shaft diameter. 
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On Blow nimuiie engines long pins may be used to advantage, but b^h 
speed engines require short pips in order to bring the pin doser to the 
main bearing and thus reduce the bending stresses set up by the inertia 
of tjie connecting rod. It should be noted that for a crank pin of given 
bearing area,* the longer the pin, the cooter will it run. This is because the 
smaller the diameter, the slower the speed of rubbing. 

The way in which cranks are shrunk on to crank pins and 
crank shafts is often objectionable and responsible for many- 
subsequent failures, both of shaft and crank pin. 



KnMai hf tha cooitnictioa ihciwn in Sg. 303. 

Where a shoulder is provi 
iriien the crank is shrunk into ^ . _ . . . 
be, the sharp edge of the hole in the crank cuts into the material with a 
shearing action and starts a crack which afterwards, under the influence 
of alternating stresses, develops into a fracture, and frequently, as ex- 
perience has shown, leads to a serious breakdown. To avoid this, the 
crank and shaft may be constructed as shown in fig. 303, the part which is 
shrunk oti the crank being of slightly larger diameter and of a length 
exactly equal to the thickness of the crank, so that the shrinkage of the 



projected beaiinff area (that u. the diameter multiplied by the Xeocth) efaouJd not exceed 
aOO to too |»un£ for itationuyenBiQBi.UO to 000 poundi for marine engiiiei and BOO to 90O 
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The radius of the crank arm is measured from the center of 
the shaft to the center of the crank pin. The throw of the crank 
is equal to the diameter of the crank pin path, that is, the stroke 
of the piston. 



Built up crank shafts are sometimes constructed with a cast 
iron disc instead of a crank arm as shown in fig. 304. 

The portion of the disc opposite the pin is usually made thicker than 
the other part, the extra weight being used as a balance to the we^ts of 
the reciprocating parts and known as a counler-vieight. In high speed engines 
this is desirable to reduce vtbratiwi. The disc is attached to the shaft by 
the methods just described. 

The center crank shaft is usually composed of two lengths 
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of shaft, each provided with a disc or arm and having one crank 
pin joining the two, as shown in fig. 305. 

This is the construction tisually found in stationary engines. 

In the higher class of engine construction, the crank shaft is made from 
a solid forging for the small and medium sizes, the rough foi^ging as de- 
livered from the forge hammer has the form as shown in fig. 306. The crank 
is first slotted out (fig. 307), then turned in the lathe and finished as shown 
' in fig. 308. When counter-weights are provided, the^yare usually made 
sepaiate' and clamped to the crank arms. / 
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Fig. 305.— Built up crank shaft, consisting of two shaft lengths S, S'; two cranks C, C, and a 
cnmk pin P. In the built up crank shaft the pieces are usually fitted together by shrinlang. 
and keying. 





Pigs. 306 to 308. — Construction of a forged center crank shaft. Pig. 306 shows the wMgb 
forging. It is first placed in a slotting machine which removes the metal between the crank 
armst as in fig. 307, and then turned m a lathe and finished as shown in fig. 308. 
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In figs. 310 and 312, the discs have V shaped grooves in the side 



M baTing counterweights attKhcd by ti 



Fia.313.— CrmikBhsKuwinbli' of Witertowneociiie, shown disauembled in figs. 310 to 312. 
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Pi^. 314 and 315 show a two throw craiik shaft for a compound engine, 
and figa. 316 and 317 a three throw for a triple expansion engine. The 
former has its cranks set at 90" and the latter at 120°. The OTder of the 
crank positions is called the sequence of cranks. 

Crank shafts for marine engines, when about 10 inches 
diameter are generally made in duplicate halves, so that in case 



M^ 



FUi. US. — Duplicate section tor targe multi-cylinder crank shaft. 



.ectina Bectiofu of laif[e built up crank ■*^*^*" TliQ 



of damage to a part only half the shaft is condemned, and i 
Bpaxe half shaft can be c^ried on foreign voyages. 



le shaft be movtid. 
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Flange couplings are usually provided at both eri^s, so as to be reversible 
in case of a flaw showing near the after end. Crank arms are forged with 
the shaft ends, or shrunk on and keyed. The pins are usually shrunk into 
eyes in the arms. 

Large crank shafts are usually built up from duplicate sections, there 
being a section for each crank. These have flange connections as shown in 
^g, 318. The several sections being connected by ordinary bolts or taper 
bolts as shown in fig 319. The latter type of bolt requires no head, thus 
giving the flange connections a less clumsy appearance. 



The Main Bearings. — ^These are the bearings in which the 
crank shaft turns as distinguished from other bearings of the 
engine. The object of the main bearings is to support the 
weight of the shaft and fly wheel, and to hold the former in 
place at right angles to the axis of the cylinder, also to receive 
the pressure due to that portion or component of the thrust 
in the connecting rod which is not spent in turning the crank.* 

The three requirements of a bearing are: 

1. That it be of such size that the pressure of the shaft on 
each square inch of the bearing will be sufficiently low to prevent 
heating; 

2. That there be means of conveying oil to the rubbing sur- 
faces; 

3. Provision for adjusting the bearing to take up wear. 

A simple bearing consists of a box, cap, two brasses, liners 
and bolts to hold the parts together. This kind of bearing is 
used on vertical engines as shown in fig. 320. 

The upper bearing surface or brass B is let into lower brass B', B being 
fitted into a cap C. Both brasses are kept from turning by dowel pins D 
and D'. The Brasses are cut away at L and L' and the space filled with 
thin strips of sheet metal or liners; these, together, with the brasses are 
hdd firmly in place by the bolts M and M'. 



•NOTE. — ^This force was explained in the section on connecting rods. 
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. A small hole O, is drilled through the cap and upper brass to convey oil 
from the lubricating device to the bearing and shaft. 

- Adjustment for wear is made by taking off the upper bearing and re- 
moving one or more liners from each side. The cap is then rep&ced and 




iic. 320. — Main bearing for a vertical engine; adjustable by means of the bolts and liners 
on the sides. 




Pig. 321. — ^Main bearing with liner adjustment for a horizontal engine. The brasses arj 
divided obliquely so that the resultant thrust of the shaft will come centrally, and not 
at the joints. 
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the parts again firmly bolted together. Some of the liners are very thin 
so that adjustment may be made with precision. 

This form of bearing is sometimes used on horizontal engines, in which 
case the brasses are divided obliquely instead of horizontaUy, so that the 
resultant thrust of the shaft will press against the brasses centrally and 
not in the direction of the liners. This construction is shown in ^g. 321. 

The type of bearing jtist described is called a two piece bearing 



ENGINE TRAME 




Pig. 822. — A "four piece" main bearing, as generally uaed on Corliss and other horisontal 
engines. There are two side brasses A and B* an upper brass C, and a lower brass D. Owing 
to the great weight of the wheel, little or no pressure comes on the upper brass C* Tlie 
greatest wear comes on the side brasses, vHiidi are adjusted by means of the wedges B', 
and P. 



in distinction from the more complicated form, or Jour piece 
bearing as generally used on horizontal engines. 

In this bearing the brasses are divided into four parts, because, on medium 
and low (rotative) speed horizontal engines, having large and heavy fly 
wheels, the resulting pressure of the shait on the bearing is practically in 
a horizontal direction. Hence, in order to have this pressure come centxilly 
on a brass instead of at the junction of two brasses, they are arranged as 
shown in fig. 322. 
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A and B, are two side brasses, and C and D, upper ajid lower brasses, 
C and D, are made long enough so that at their extremities, they rest upon 
A and B ; hence, by means of the two adjustable bolts 1 and 2, the four 
brasses are prevented moving in a vertical direction, the cap being secured 
by the bolts 5 and 6, The side brasses A and B, have their outer sides 
inclined which abut against the adjustable wedges E and F. 

To take up wear, the side brasses are forced nearer together by adjustii^ 
the bolts 3 and 4, which are attached to the wedges E and P. The upper 
brass C, ma^ be adjusted by filing ofi sufficient metalat the lower extremities, 
eaid tightening bolts 1 and 2. 



Pn. S33. — Main bekrins <d ths Sldniwr sngme having scieir adjnitment. at the outer bnu. 

Sometimes liners are inserted between the upper and side brasses, forming 
an easy mode of adjustment. 

The lower brass D, is raised for wear by inserting liners between it and 
the bearing box. In some designs wedge adjustment is provided for the 
lower brass. 

The side brasses are sometimes fitted with screw adjustment in place of 
wedges. On some engines, as shown in fig. 323, only one outer side brass A, 
is adjustable. In this construction, the adjustment always being made on 
one side changes the position of the shaft which makes the cylinder clear- 
ance unequal, unless Imers be inserted between box and opposite brass. 
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FlOS. 324 md 32S.— Detail ol 
3S4.A.is the box proper ivh 
Undnne&th a receptacle B, 



in the laws of the frame, Aiprini 

n. nsUng Dna W, shaped saddle G, v.au:u u^,^ u: 

a the end of the sprhiB by rods or bars R R'.ca 

le Bprin^, which cushion the weight they bur. 



. The box 13 arranged aoas ti 



■Mti. Thefram 
im. Since th 
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Figs. 324 and 325 show detail of locomotive journal box and 
assembly in frame. 
On stationary engines, not self-contained, the second bearing 

for the shaft is called the outboard bearing, and as the stresses 



U7 and 338.— Self^Mling Ixariog. The (Mling rinn iiMch dip Into the oil re 

hUubeuing.mtuiTiinswiUi the duIt.cBTTuiiHl opts t^bcuina- A gUi 
left indkata tlie heighc of the oil in the reurvoii. 
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here are less severe, simpler means of adjustment for the brasses 
axe provided. ' 

Other important adjustments axe here necessary. In erecting the ei^ne, 
it would be difficult to get the bearing in line if it vere attached direct to 
the foundation, hence provision is made whereby the bearing may be moved 
both up and down, and sidewise. The bearing together with this means of 
adjustment ia called a pUitrai block, the usual construction being showa in 
fig. 326. A we<^e A, ia inserted between the base B, of the bearing and the 
base plate C. By turning the screws D, and E, the wedge is moved along 
lie inclined surface P which raises or lowers the bearing. 

A sidewise adjustment is made by means of the screws P and G. 



In making these adjustments the holding down bolts 1, 2, 3, 4 are first 
loosened and then tightened after making the adjustment. Two large 



anchor bolts M, S, secure the piilow block to the foundation. 
proifcting rim R extends around the base plate whic 
e oil from the bearing. Usually a pipe is attached to the base plate 



A proifcting rim R extends around the base plate which retains the 

waste oil from the bearin " " ' ' 

to allow the oil to drain a 

The Fly Wheel. — In order to keep the reciprocating parts 
of a steam engine in motion at the dead centers, a large heavy 
wheel is attached to the shaft which by its momentum* acts as 
a reservoir of energy. 

Qvercoitdng nfliatwice pouened by a body by nMoa 
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In other words, the excess power produced by the engine in 
the early part of the stroke is stored up in the fly wheel, and 
given out by it in the latter part where little or no power is 
developed on account of the expansion of the steam and the 
engine passing the dead center. 

The fly wheel, therefore, on account of its inertiaf, tends to 
keep the speed constant in spite of the variable turning efEect 
produced during the stroke. 



II and 332. — Sauthsia pillow block 4ad padnUI. The pillow block hai both vcrtiul 

-Lorizontal adjiutm — '- — ' ^" '*" — ^^' -i—t^ i-- — jm- -j:- — .-a — !-fc^.. 

jacking v.p shaft. The t 



ontal adjiutmenta, whenby the eogtoe ^laft may be readily adjuated withifat 

.. -p ahaft. The constmction is auch that the pillow block may be removed from aole 

plate without diicouiectins the latter from foundation. The jaunul ia lined with Babbitt 



netal. Thepedestalb^aingwBSdesiirnedlomcetthe demand for an outer beatinEt 



_- = — dtendinE 

nil J uitnitcrpier through floor of ensine room, which is alwayimoraorlcMobjectioiubla. 
bus has larie beaiinc surface, and rests in same plane as cngins. Wear is talcen up br 
IS of adjuatmfi screws *nd quarter bores; the upper and lower beaiinga adjust thcn^ 
s automatically to the shaft. PedMtal has on catcl- ----■— — ■ -■ "■-' -• 



lubri 

tNOTE," /nw«o is that property of a body on account of which it 



id aptuoved mathod id 






weight of a body with respect to an axis is Iht 
1 the same body, according to the position <d 
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In the case of a single crank engine the variation of the turning 
effect is large, while with triple expansion engines having three 
cranks at 120°, the variation is reduced considerably. It is 
clear, therefore, that a large and heavy fly wheel is more nec- 
essary for a sii^le crank engine than for one of the same power 
with three cranks. 



The four cycle gas engine is an example of extreme fly wheel require- 
ineats. Here there is only one impulse or power stroke in two revolutions; 
hence, the fly wheel must receive, during the power stroke, enough enen{y 



Pig. S33. — Variola type* of Vilter fly wheels. 

to keep the engine moving at approximately uniform speed during the 
three non-power strokes against the back pressure of exhaust, suction and 
compression. The large fly wheels fitted to gas engines clearly indicate 
the variable and intermittent nature of the turning effect.* 

On small engines, power is usually transmitted direct from 
the fiy wheel, there being no separate pulley for the belt. 

The diameter of the fly wheel is governed by conditions of 
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service, and limited by the tangential velocity, that is, by the 
speed at the rim, or its equivalent, the belt speed. 

Owing to the centrifugal force* which increases with the speed 
and which tends to burst the wheel, it is not advisable to run 
fly wheels at a rim speed higher than 6,000 feet per minute, or 
roughly, a nwle a minute, f 




Figs. 334 and 335. — ^Harris-Corliss ordinary split belt wheel. Wheels of 9 feet and less 
diameter are made whole, and those from 10 ft. to 17 ft., are made in halves fastened by 
turned bolts driven into reamed holes. Each half is provided with four oval arms, a center 
rib, increasing in depth toward the arm, and a return flange follows the outer edj^ of the 
wheel on both sides. All wheels above 14 ft. diameter, made in halves, have the run joints 
made l&rough the central arms, instead of between arms. 



Example. — How large a fly wheel cx)tild be safely used on an engine 
making 200 revolutions per minute? 



*NOTB. — ^This is the force which acts on a body revolving in a circular ^th, tending to 
force it farther from the center of the circle, because all moving bodies move in strais^t lines 
when not acted upon by external forces. 

fNOTE. — ^Por any given material, as cast iron, the strength to resist centrifugal force 
dei)ends only on the velocity of the rim, and not upon its bulk or weight. Chas. T. Porter 
states that no case of the bursting of a fly wheel with a solid rim in a his^ speed engine is known. 
He attributes the bursting of wheels built in segments to insufficient strength of the flanges 
and bolts by which the segments are held together. 
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Taking 8,000 feet per minute as the limit of rim speed, the distance 
traveled per revolution by a point on the rim, or the drcumference of the 

6,000-)-200-3Ofeet. 

from which, the diameter corresponding is: 
30+x'-9.5feet (a 



it (approximately). 



It is impOTtant that an engineer should be able to determine 
the size of belt, required to transmit a given horse power. There 




Figs. 33e and SST.—Harm-Corlisi seementsl belt wli«1 
18 feet and upward in dUmeter are coiifitructed in seEmeDu, 
in each vluel, and the lame numbec. of arms. The Utter ar 

are planed to a fit. The amu are bolted to the rim KKmenli 



large engines. "WheEla 



are any ntunber of rules for belt sizes, and the results obtained 
by their application are quite varied. The following rule which 
is easily remembered, will be found suitable for all ordinary cases; 



"NOTE. — T (pfonooncedpi) i! 
d dicumfeiencs of a circle. It 
-cto ia equal to 3.1416 multiplied 



itio between the diameter 
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it gives a belt width amply large to deliver the power without 
undue strain or wear. 

Rule. — A single belt one inch wide, traveling i,ooo feet per 
minute will transmit one indicated horse power.* A double belt 
will transmit twice this amount. 

Example. — -What size double belt would be required for a 11" X 34" 
Corliss Engiae with an 8 foot fband fly wheel, running at 110 rerolutiona 
per Dunute and developing 60 indicated horse power? 



Pigs. 338 and 330. — Large SywfiKl for CorliBseflgiiw. Iotl]iawb«I,wluch is 2S ft. m diameter, 
the liia » iDsde in seKmeaUand joined b/ heavy I linlo. The hub is in halva. uid bdtweca 
the Biiaea o[ these halves, the iimer ends of the aims an bolted. Tbe unit divinon of the 
body ofthe wheel is one ann with its segment. The lim center is reinforced by side pUtei 
of cut steel, each of which covers the angle of two ami spaces, and they break joint on th« 

The whale lica is strongly fasieaed logether by itout pins, which an forced into named 
holes by hydraulic presaure, then riveted cchi. 

•NOTE.— This cc 



Ids lor a 



slta in food conditii 



tNOTE.— The leim "band^ wheel" means that the wheel has a 
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n speed per minute of th 
DiameterX t X r 
8 X3.14I6X 



I1.-I _ fftf 
/" 12,76 



2,795-5-1,000-2.765 horse power. 



?iGf. SIZ. — Tuining ■ lugs Vilter rape wheel, 

A double belt will transmit twice this amount or 
2.765 X2 = 5.53 horse power. 
Hence, the width of a double belt for 60 horse power is 
60*5.63-11 indies. 
. The fly wheel rim should be somewhat wider than the belt, so as to lea^ 
a margin of J^ to J^ inch on each side. This prevents the belt over running 
the rim by any sidewise movement due to uneven working. 
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CHAPTER 4 
THE SLIDE VALVE 



Ques. What is a slide valve?* 

Ans. A slide valve is a long rectangular boxlike casting 
designed to secure the proper distribution of steam to and from 
the cylinder. 

Its general form is shown in fig. 343. Here a portion of the valve is 
cut away exposing to view the exhaust edge of the valve, the exhaust port, 
bridges, and one of the steam ports. 

Ques. What other name is given to the slide valve? 

Ans. It is sometimes called the simple D valve^y on accoimt 
of its resemblance to the capital letter D turned with the flat 
side down, and having that side practically all removed, as shown 
in the black cutaway section in fig. 343. 

Ques. What are the requirements of a slide valve with 
respect to the distribution of the steam? 

Ans. Considering first only one end of the cylinder, it must: 
1, admit steam to the cylinder just before the beginning of the 



*NOTB. — ^In its broad sense the term "slide valve" includes all sliding valves, as dis- 
tinguished from rotary valves. 

tNOTE. — The slide valve in its crude form was invented by Matthew Murray of Leeds, 
Ens^uind, toward the end of the eighteenth century. It was improved upon by James Watt, 
but the simple D slide valve in use today, is credited to Murdock, an assistant of Watt. It 
came into general use with the introduction of the locomotive, although Oliver Bames, of 
Philadelphia, appears to have realized its value, in fact, for years before the advent of the 
looomotive he applied it to engines of his own make. 
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As shown in fig. 344, the seat extends from A to H. B, C, and F, G, are 
the steam ports, and D, E, the exhaust port. The steam ports are separated 
from the exhaust port by two walls C, D, and E, F, called bridges. 

In some engines there are finished vertical guide Mfffaces aleng the 
two rides of the seat to prevent any side motion of the valve. The port 
edges are terminated by small fillets as at M and S, so that they may be 
properly machined. 

Ques. What Is the steam edge of a valve? 



Pig. 346. — Scctimul view of vslve on seat illiutnting the teim ileum edge, eihuut cdea of 

Ans, The edge which opens or closes the port admitting 
and cutting off the steam supply to the cylinder. 

Ques. What Is the exhaust edge of a valve? 

Ans. The edge which opens or doses the port for release or 
compression. 

Ques. What Is the dlff^ence between a port and a 
passage? 

Ans. A port is the entrance at the valve seat to 1, either 
steam passage leading to the cylinder, or 2, the exhaust passage 
leading to the exhaust pipe. 
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ISilas 



Ques. What goTCms 
the let^th (A H, fig. 344) 
of the valve seat? 

Ans. It should be less 
than the length of the 
valve plus its travel so that 
the valve will over travel to 
avoid wearing shoulders in 
the seat. 



In the case of unbalanced 
valves the valve seat should 
be as short as possible to 
reduce the unbalancing by 
over travel as shown in fiR. 
347. 



Oues. Why is the 
length of the ports 
made much greater 
than the width? 

Ans. To secure the re- 
quired amount of port 

opening with very little 
valve movement, and that 
the ports may be quickly 
opened and closed to re- 
duce wire drawing. 

Ques. What is wire 
drawii^P 

Ans. The effect pro- 
duced by steam flowing 
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through a constricted 
passage, which results 
in a fall of pressure with 

its attendant loss in 
engine operation. 

Oues. Wliat gov- 
erns the length of the 
ports? 

Ans. The diameter 
of the cylinder; they 
are usually made about 
.8 of this diameter. 

Ones. What gov- 
erns the width of the 
ports? 

Ans. For a given 
port length, the width 
depends on the amount 
of area required for th* 
proper flow of the steam. 

™ of Brownen htah Ques. Why Is the 

exhaust port made 
wider than the steam 
ports? 

Ans. Because the valve, on account of the extent .of its 

movement, partly covers this port during exhaust. 

In fig. 346, the valve is shown at the extreme poiat of its travel, in which 
position the exhaust jwrt H H' is covered by the valve a distance H C, 
leaving only the opening C H', through which exhaust steam may escape. 
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In a well designed valve this opening should not be less than the width P G, 
of the steam port. When the eihaust opening H'C, is less than the width 
of the steam port, the exhaust is said to be choked by the valve. 



Ques. How Is the size of the steam port obtataied? 

Ans. From the area and speed of the piston, and an assigned 
velodty of 6,000 feet per minute.* 

Ques. , What names are given to the principal parts 
of a slide valve f 




Pics. 8G0 to S5S. — Brownell >»Iaiiced slide valve and preaiun pU(« Coi the cylinder showD in 
Sat- 348 and 340. Tie vglve is a single csating vroAina between its aeat uid tbe Dcesniie 
pfata. It 13 double ported and u provided mth means for idief from water. 



Ans. The edge at either end of the valve is called the steant 
edge as shown in fig. 345, because this edge controls the 
admission of steam to the cylinder, and for a similar reason 
each inner edge is called the radiaust edge-f 



•NOTE. — ^la engnfB having separate exhaust ports, t 

the Bteam shiald he eihausted at less velocity than the veloc 
pipe the velocity should be Btill less than in ua B 
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The area of the steam port is found as follows: 

, area piston in sq. ins. X piston speed in ft. 
Area steam port = ^^^^j 

Ques. What important defect Is there in the operation 
of the ordinary slide valve? 

Ans. The excessive pressure caused by the steam pressing 
the valve against its seat causing considerable friction and 



Fic. 354. — Seciionsl viev of slide valva ahawing tha principal puts. It la lenpoitaiit to 



ffxampte.^WhatwiUbethe force required to move a 9X18 slide valve, 
if there be on it an unbalanced steam pressure of 140 potmds per square 
inch, and the resistance due to friction be .02 of the total load on the v^ve? 



•NOTE.— A slide valve -whose ootside di 

• " '-■' -^4-rt pounds per square 

(Q-22.mi pounds. 

-lable. aj duriiiE fiOL_ ,^..„.-. „ «., ^^^^^ _» 
which opposes that oa top* 



162 aquare inches. If & boiler pressure of 140 pounds per square inch be exerted on this i 
then the total pressure on the aiea is 182X140 -S2,^ pounds. The actual pressure w 
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Area of valve-9XI8-lft2 gq. ins. 
Total load on valve due to steam pressure; 
-162X140-22,680 
Force required to move the valve: 

- 22,680 X. 02 -453.6 pnunda 



Pro. SAS.— Cylinder oE Hoiutoa, SUnn 
cover nmored (Iwiriiig biloncid glide 

Ques. What inTtTUlon U sometimes made for relievli^ 
the pressure on the slide valve? 

Ans. Various devices have been used to exclude steam from 
the top o£ the valve, so that the pressure cannot be exerted 
in a direction which would press the valve against its seat.* The 
valve is then said to be balanced. 



te Alide vAlve when ur'" "' ■* 



/ 
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Lap 

Ques. What is the lap of a valve? 

Ans. It is that portion of the valve face which overlaps the 
steam ports when the valve is in its central position. 



i^'-"*" 



Pio. 3B6. — SKtiooal view of Houston Stsnwood and Gaml 

agBinBt the seat by steam pfEsaure on a amall area of 

mcHna id made nearly steam tight. Also, the valve bjr this mean? is maae tu »uluiiihui:hiij' 

in uae for a time, rather than hisher. 

outside or stiam lap, and CD, the inside or 




,t the outside edges, tt 
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Ques. What Is usually understood by the term lap? 

Ans. The outside or steam lap. 
Ques. What is the effect of lap? 

Ans. It causes the valve to shut ofE the supply of live steam 
to the cylinder before the end of the stroke, the greater the 
amount of lap the sooner does this occur. 

Ques. What is the effect of inside tap? 

M 



NEGATIVE INSIDE LAP POSITIVE INSIOC LAP 

utativt and eositivt inside lap, A valve^sometimeaiii... 
toequslbe releHseaadcompTessiaai the iiresulsiity beios du 



Fig. 3GS.— IltiistraEing_n<t<UiH and positivt inside lap._ A valvenaKHn^imeaiiTenn^tive 



ansulanty of the 

Ans. It cajises the valve to open later for exhaust and close 
sooner, thus shutting in a larger portion of the exhaust steam. 

Ques. What is the neutral position of a valve? 

■ Ans. Its central position, or the mid-point of its travel as 
shown in fig. 358, overlapping, equally the steam ports. In 
this position a line drawn through the center of the valve will, 
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comade with a line drawn tbrcmgh the center o£ the exhaust 
port, when the exiiaust lap is the same at each end.* 

Ques. What Is negative inside lap? 

Ans. The space (as A B, fig. 358) sometimes left at one end 
of the valve between its exhaust edge, and the exhaust e(%e 
of the steam port when the valve is in its neutral position. 



Fig. 3JS9,-^lUustratiiiff "Hub and line" pontum. 



Ques. Why Is a valve sometimes given negative Inside 
lap at one end? 

Ans. To equalize certain irregularities of exhaust due to the 
angularity X of the connecting rod. 



'NOTE. — TbcH center lines are coavenieot in locatinir the T&lva for diSi 
tNOTE. — The term imide Up unqualified almyi meuii ptiaUtm iiuida lap. 
l.NOTB.— The term ensularity and iti effect on the action of the nlve gear ia later tollr 
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Ques. What Is the effect of negative Inside lap? 

Ans. It causes the valve to open sooner and close later to 



That is, pre-release begins earlier, and compression later. 

Ques. What is "line and line" position? 

Ans. When one edge of the valve is in the same line or 
plane with the corresponding edge of the port as in fig. 369. 



Pio. 300,— Sectional TJew of Pboemi cylisder •bowing double iac piston valve. Tbe vahns 
Admits eteam from the ends, thft valve cuius being BUTTOunded by liva steam. Tbetwoinnar 
diaca ptovidfl aitr* weAiinE utirface. 



Lead 

Ques. What is lead ? 

Ans. The amount by which the port is open for the admission 



192 THE SLIDE VALVE 

of steam when the piston is at the beginning of the stroke.* 
n fie. 361, the port is open a distance A A', which is the 



lead. This iL -- . „.. 

called positive lead to distinguish it from negative lead. 

Ques. What Is negative lead? 

Ans. The amount by which the steam port is closed to 
admission when the piston is at the beginning of the stroke. 



in ttad posilitm. This ia the poeition of the vdve when the piitoa is at the 
le Etralie. 

Ques. What is the object of lead? 

Ans. Lead is given to a valve in order to admit Hve steam 
to the cylinder before the beginning of the stroke so that the 
pressure of the compressed exhaust steam in the clearance 



mginea may have from >/h to </ii. medium 
high speed engines still more unless there he 
ly nave more lead at the lower cylinder end 



considerable compiEssion. Vertical engines usually^iave more lead at the lower cylindt 

than at the upper, in order to assist the comprosion in resisting thi 

the lower end due to the weight of the moving ports acting in that dire 

greater the compression, the leas the amount of lead required. The j 

IS to secure full steam pressure in the cylinder at the beginning of the 

resist the momentum of the moving parts, although in hi^ speed ei 
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■space will be increased to boiler pressure at the beginning of 
the stroke. This enables the piston to begin its stroke with 
the maximum pressure. 

Ques. What Is the object of negative lead? 

Ans. On some types of valve gear, as the link motion, the 
lead increases with the degree of expansion. Hence, in full 
■gear, that is, for the maximum cut ofE, a negative lead is given 
to prevent excessive positive lead when cutting ofif very early. 



e admission of steam 

Ques. What is inside or exhaust lead? 

Ans. It is the amount by which the steam port is opened to 
exhaust when the piston is at the beginning of the stroke. 

Ques. What Is constant lead? 

Ans. Lead which does not change for different degrees of 
expansion. 

•NOTE.— Neeildve lead ^s sometimes given to the valve* of eipreBS locomotivea vhea 

J _:... >:_! .; ^[^ gj^ Since the action of the link increiiaes the lead for iin early 

■KCepl at Blsrting) negative lead ia given for full geitr BO that the lead 
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Oues. What Is 
variable lead? 

Ans. Lead which 
changes with the 
degree of expan- 
sion. 

Queg. What Is 
equal lead? 

Ans. Lead whidi 
is the same at each 
end of the cylinder. 



leads, for «arl]r cut oS. A pecoUarit/ of the link n 
^ vanable lend. With the link motion in ehort< 
off by "hoolung up"; optix rods give Increamlni 
croend rodi give daemalne liaiC 



ia leal than 




[^ Pre-admission 

Ques. What is 
pre-admission? 

Ans. The flow erf 
live steam into 
the cylinder before 
the beginning trf 
the stroke. 

Ques. On what 
does pre-admis- 
sion depend? 

Ans. On the 
amount of lead. 

That is, the great- 
er the lead, the soon- 
er does the valve 
open to admit steam 
before the beginning 
of the stroke. 
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Ques. What is the object of pre-admistion? 

Ana Principally to secure the full steam pressure at the 
beginning of the stroke, and in addition, in some cases, to assist 
the compression in bringing the moving parts to a state of rest, 

Ques. What objection U there to pre-admission? 

Ans. It increases the period during which live steam, at a 
high temperatm^, is exposed to the comparatively cool cylinder 
walls, thus tending to increase initial condensation. 



itiily opened for admintDn; thii comei vhen the piit 

.:^^.-^ ^1 «i — I. — 1 1 — « *« -poaiiion. Usually th* 

B iteuu through the i 

ii importut to (iva the 



■.a the hcginaum of the itrake luid cut o(E poailion. Unully tha port ii anly putUUr 
I, HB here diown. because the speed of the iteuu through the port during ^r^'^.^w. 



port openina. for if it be too snull. the velocity of the entering steam ia luululv iocieaicpd, rfr- 
nlting in a loss at jntsmni commonlir known h <nr« Mrawing. On And cut of enginea, the 
port opcninff may be lesa than the port because the latter ia proportk>ned to gi^e the proper 
Telocity of the eahauat iteanu With uartablm cut nW seflrs, whose action reducea the port 
opaiioc la •boitoning the cut off, as lor instance the link motion, it ia usual to provide exceaa 
port opening at fun ea» in atici to obtain adequate adnuuion when linked up. list iaatsnce 
on tocomotivel which operate noimally at short cut off, the i: 
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Ques. What is meant by initial condensation? 

Ans. The condensation of live steam iii the cylinder. which, 
takes place during the periods of pre-admission arid admission. 

Admission 

Oues. What is admission? 



Kl-^ 




he 



LEARANCE 



- STROKE 




t 
I 
\ 



•A?PARO^T CUT OFF*->! 



I 



1 

1 
C 
\ 



REAL CUT OFF 

l+C- — 



I 
50 ALE I 

—t— 



r 



..-x 



I 



9 10 



Pig. 368. — ^Tbe apparent and teal cut off. The effect of cylinder clearance is to make the 
number of expansions less than, would, correspond to the apparent cut off, that is, the cat^ 
off of the valve gear. Thus, if the valve gear cut. off at one-half stroke, there would be 
without clearance, two expansions. With, say 10 i)er cent clearance, the expansions would 
be reduced to l-i-(.l + .5)=1.66. The real cut off would then be 1-S-1.66-.6 stroke. 

. In the figure the clearance volume I includes besides the voltune between the piston at end. 
of stroke and cylinder head, the volume of the steam passage (not shown) up to the stea:^^ p6rt.. 



Ans. The flow of live steam* irito the cylinder from the 
beginning of the stroke to the point of cut oflf. 



*NOTE. — ^Live steam is steam taken direct from the boiler, and which has siot been 
Expanded in the cylinder, as distinguished from steam which has been admitted to the cylinder 
and ex];>anded in doing work on the piston. 
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Cutoff 

Ques. What is cut off? 

Ans. It is the closure of the 
steam port to the admission of 
steam. 

Ques. How is it usually ex- 
pressed ? 

AAs. As a fraction of the stroke, 
as one-half, five-eighths, or three- 
fourths cut oflf. 

Ques. What is cut off thus 
expressed called? 

Ans. The apparent cut off. 

Ques. Why? 

Ans. Because it does not rep- 
resent the actual point at which 
cut off takes place when clearance 
is considered. 



As distinguished from the apparent 
cut off, the term actual or real cut off is 
used to indicate the point at which the 
steam port is closed, taking clearance 
into account. 



Ques. What is the real cut 
off? 
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Ans. The sum of the apparent cut off plus the percent^e of 
earance. 



clearance. 



;, if the apparent cut ofE be one-half, or 60 per cent and the 
clearance be 10 per cent, then the real cut oS is lO+SO —60 per cent of the 

In &%. 368, let the volume I, at the end of the cyHoder represent the 
clearance in proportion to the volume displaced by the piston during the 
stroke L. This clearance* volume includes all the space between the 
piston when it is at the b«^;inning of the stroke and the face of'the valve* 
plus the volume of the steam passage up to the steam ■port. 



TCAciuA the flod of the sEmke 



basinniiV^ of frt-r4tm. Thii occun jiut bsf on the coMob 

ja fti to nd tOB cyllndflr of moit of the steam before tu b^ 

of the ntiirn atrake. mid thai nduce the back pnamrs of uhauit u much h) possible. 



the latter is made up of the volume displaced by the piston plus the clearance 
volume, or (+C. Thus in the figure if cut off occur when the pbton is at 
5, as shown, the apparent cut oS C, is five-tenths or me-balf stroke. The 
actual cut <^ J+C, is six-tenths stroke. 

Ques. What is pre-release? 

» used to denote the linear distaoce betmsQ 
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a Ans. The opening of 

.1 the steam port to ex- 

I baust before the piston 

□ has completed its stroke, 

T as shown in fig. 371. 

I K the steam were coo- 
S fined in the cylinder until 
.a the piston had reached the 
» end of its stroke, there 
■S would not be time for it 
J J to escape without creating 
■g.g conaderable back pressure. 

|l Ques. On what 

II does pre-release de- 

^1 pend? 

I g Ans. Primarily upon 

ij the amount of exhaust 

■g'^ lap, and in design, upon 

Ms the conditions of oper- 



Thc proper amount of 
pre-rdease depends on the 
piston speed, and the 
quantity of steam to be 
dischaij-ed. Usually; the 
valve IS so proportioned 
that pre-release begins 
about 90 per cent, of the 



Release 

Ques. What U re- 
lease? 

Ans. The exhatKt of 
steam from the beginning 
of the return stroke to 
the point of compression. 
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In fig. 372, the valve is showa open to exhaust to its full extent which 
occurs during this period, and at this instant allows the steam in front 
of the fast advancing piston to escape from the cylinder with the least 
possible back pressure. 

Ques. What happens during pre-release and release? 

. Ans. During pre-release the greater part of the expanded 
steam is exhausted, the pressure rapidly falling because of the 
filow movement of the piston at this part of the stroke ; during 



COMPRESSION 

'osi 

ha 

aiprn^li] 

andbiuw — 

uviss some at tlw ohwut ftaam. Nota that the valve 
release [fis. 371) but is marine •■> the opposite dicectum. 



Fig. 373.— PoaitioQ Ot the valve at tha m^uuxu^ ui ^.^..^^..—v.'... ^...^ »».^.. — .. — ^ ---^ 
the piston hal travelled about thiw-iuarters al the return stroke, mofs or less depending 
uponthe type of enaioe and woridng conditions. The object of compression u to introduce 



NOTE,— fniida Ltad: "Eiperiments shaw that the earlier opening of the eihaiut port* 
is especially of advantaae, and in tne beat engines the lead of the vidvo upon the side ot the es- 
bBust or the inside lead is '/» to Vu, i. e., the slide valve at the lowest or highest portion 
ot the piston hu made an opemng whose height is '/» ^ Vii of the whole throw of the slide 
valve. The outside lead ot the slide valve or the lead on the steam side on the other hand, 



the other band, is much smaller, and is often 
-.h {vol. ii, p. 296). 

These events occur at the sama 

Co occur earlier in the forwBid stroke arid later in the 

' " " This diagram ii 



end. The laps are easily determined by means ot the Bilgram diagram. This diagram is 
eiplained at length in this Chapter, and should be thorough^ understood by those iaterceted 
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rdiease the exhaust pressure is always a little high^ than the 
external pressure (that is, hig&^er than the presstire of the atmos- 
phere, or condenser as the case may be) on account of the 
rapidly advancing piston forcing the steam through the re- 
stricted passage, port and exhatist'pipe at great velocity. This 

pressure is called the back pressure of exhaust, or simply back 

pressure. 

Compression 

Ques. What is compression? 

Ans. The closure of the steam port to exhaust before the 
piston has reached the end of its stroke, thus shutting in a 
portion of the exhaust steam, and by the forward movement of 
the piston, compressing it until pre-admission begins. 

Ques. What is the effect of compression ? 

Ans. The rapidly increasing back pressure due to com- 
pression acts as a spring to cushion the momentum of the moving 
parts, and brings them to a state of rest at the end of the strokie.* 

Ques. On what does compression depend? 

Ans. On the exhaust lap and angular -advance; the greater 
the lap or angular advance the sooner compression begins. 

Ques. Should compression begin at the same point 
M a condensing engine as in a non-condensing engine? 

Ans. No. 

Ques. Why? 

Ans. Compression shoijild begin earlier in a condensing engine 
than in a so called high presstire or non-condensing engine in 
order to get an equal amount of cushioning. 



•NOTE. — ^The effect of compression is sometimes called cushioning. 
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The compressioa curve of a condensing engine, because exhaust takes 

place at a fgwer pressure, does not rise so rapidly as when running non- 
condensing, hence, for equal cushioning, compression must b^^ sooner 
than in a non-condensing engine. 

Oues. Does compression result in a loss of merfty? 

Ans. No, because the power required to compress the 
confined steam is again given out by its expansion behind the 
piston on the next stroke. In fact, there is a direct saving. 



Fto. 3T1.— IlIvutnttlnE tml aiaitlitemi:Mf tHMt at tha nlv*. n* valv* is ihoini Is dotted 
nctimi in iU neutral pmition. and in full Kction in it> txlremt fciitlon. Half Ira**! u ttual 
. iQtlulat fins tkt tort opinint: tbo Utler bcuiEths dutuiog the itsun cd(e of thinlvn 
aiovct v«flt the iCeam ed^ of the port duHna oamiuLon. Thu repreients the movement 
of the TJilvs on eitbcf «ide of ita ceatnl or neutral poaition md'tlap+pari g^niiif —A P 
-t-FA'. Aa drawn, the port openinc ii gnaler than the port by the amomit G A'. 

as the compressed steam is utilized to help fill the clearance 
space instead of filling it entirely with live steam. 

Port Opening 

Ques. What is port opening? 

Ans. The extent to which the steam port is opened whea 
the valve is at the end of its to and fro movement as PA', 
fig. 374. 
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Ques. What is the relation between the pent openhit 
and the width of the port? 

Ans. It may be either greater or less than the width of the 
port, as shown in figs. 375 and 376. 

HALF TRAVEL (MAXIMUM CCCtNTRICiTY) 



.. ... ^_ B.Owlt. f 

wipmamkm gtcn, which vty the enttuioa, u laUi 
tmiiiilt Uro» «kI lunaNf tHiular airMct, the trave 
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^^ In the esse of a 

|.. throttling engine 

S.E where the travel of 

I E the valve does not 

°S change, the port 

I C opening may be less 

Ji than the width erf 

^ the port, as in fie. 

hs 376, because aa- 

i% mission does not re- 

^^ quire as much port 

."f ooenii^ as exhaust, 

as With automatic cut 

,S ■ off engines, when 

"i-sS the cut off is short- 

S 11 ened by the method 

s * o of comined variabte 

1 1 'Me**i<tf advance and 

II* variabie Ikrow, evi- 

|5I dently there must 

S « s bean excess of port 

'isj opening (as in fig. 

.•5 a 375) for a late cut 

L«i off, otherwise at 

■Sa early cut off it 

gfe-* would be insuffi- 

^:|dE dent for admission, 
account of the 
isiderablede- 






m 

II? Ques. What 
"S-f- i* tl*8 com- 
parison be- 
tween larfte 
and small port 
,„ opening? 
^1 g Ans. A large 
port opening 
II permits very 
ylz early cut off 
Ss I without choking 
I the admission. 
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On account of the greater velocity of the valve, the events of the 
stroke such as cut off release, etc., are more sharply defined; in 
other words, there is less wire drawing. These features are 
offset somewhat by the increased wear of the valve and larger 
valve gear necessary to sectire the increased valve travel. 



Travel 

Ques. What is the travel* of a valve? 

Ans. The extent of its to and fro movement as shown in 
fig. 377. 

Here the valve is shown in full lines at one end of its travel, and in dotted 
lines at the other end, the travel being the distance M" M'. 

Ques. How is the travel obtained ? 

Ans. From the lap and the port opening. 

Travel of valve— twice the iap-\-twice the port opening. 

In fig. 374, the valve is shown in dotted lines in its neutral position M 
and in full lines at one end of its travel M'. 

It is evident from the figure that the valve has moved a distance to thei 
right equal to the lap A F, plus the port opening FA'. 

Now to admit steam to the other end of the cylinder through the port 
F' G', the valve must move an equal distance to the left of its neutral 
XX)sition M, that is a distance equal to M M" in fig. 377. Hence, the travel 
equals twice the lap plus twice the polU opening. The full travel M'' M' is 
shown in fig. 377. 

. * -w • ^ ... • . . . . . "♦ 

: Ques. What is oyer travelf? 



*NOTE. — ^In the year 1836, the word traod was iiaed in a different sense from the present 
meaning. According to Wansbrougfa,,in order to keep the steam on the piston as Kmg as 
possible, the valve moved nearly o&e-lut]£ inch b^nond the port, aft each end or '.V>ver opcviea^'— ' 
this distance or movement beyond the port was called the travel. 

f NOTB. — ^The term ooer travel is used by some writers to denote the distance the steam' 
edge of ih» vtilve moves beyond the exhaust edge of the steam port in opening it. The author 
prdeis to define it with resoect to the seat limit. 
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Ans. The extent to which the steam edge of the valve moves 
beyond the seat limit, as A E or E' D, fig. 377. 

Ques. What la the object of over travel? 

Ans. To preserve uniform wear of the seat, and reduce 
the unbalanced load on the valve. 



PlO. Hit. — Showing valvs in iti Doaitiiin of lintar adwana. Whan tlia puton il At tlw 
baginning <rf Che ■tmke, tha vidva miut be at it diiUnca from iU neutral poaidoQ equl 
to tb« i^ plus Ou lead. The valve is ihown in iolid black in ita Hnear odvanca poaition, And 
io doHod aection in iu neuti«l podtion. 

Linear Advance 
Ques. What Is the linear advance of a valve? 

Ans. It is the distance the valve has moved from its neutral 
position, when the piston is at the beginning of the stroke. 

Ques. Upon what does Ihiear advance depend ? * 



Uiat tha word Up nnqu»lifi«id ahnya m 
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Aqs. On the amount of lap 
and lead. 

Thus in fi^. 378, the valve has 
moved from its neutral poartion a 
distance M M', equal to its linear 
advance. The valve in its neutral 
position IB shovn in dotted lines 
and in its linear advance position 
in full section. 

Prom the figure it is dear that: 
linear advance - lap*+tead. 



I Early Cat Off 

I 



fix Ques. How may tbe cut 

^ off be varied? 



Ans. By changing both the 
angular advance and throw of the 
eccentric; the greater the angular 
advance and shorter the throw, 
the earlier the cut off. 

In order not to unduly aSect the 
other events of the stroke, the valve 
■ gtar, as will be later explained, is 
arranged to increase the angular ad- 
vance simultaneously as the throw is 
reduced, this being called the method 
otcombiTted variabU angular adtxince 
and variable Ikrow. 

Ques. What objection Is 
there to shortening the cut 
off by the above mediod? 

'NOTE .See note on page 206. 
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Ans. The ^lorter the travel, the less the port opening, hence 
for very early cut o£E there is insufficient port opening for 
admission, moreover, pre-release begins earlier and compression 

later. 
Ques. How may the first objection be overcome? 



fto. 370, — The Allen Tslve. The euTmlementary paAsagt is for double J . - 

doinblc on iDcomotivH <itttd with link motion as they are usually run with ibort ct 
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Ans. By providing 
a supplementary pas- 
sage in the valve for 
the admission of steam, 
as shown in fig. 379, 
which represents the 
Allen valve, used 
principally on loco- 
motives. This passage 
terminates in the lap 
at B P and B' F'. 
The seat limit is such 
that A F, the lap of 
the valve equals B' E', 
which acts as lap for 
the supplementary 
passage. As the valve 
moves, for instance, to 
the light, A, passes F, 
at the same time that 
B', passes E', hence, 
steam is admitted 
simultaneously by both 
ends of the valve as 
shown in fig. 380. The 
effect is the same as an 
ordinary valve moving 
at double speed. 
Following the further 
movement of the valve, 
it will be seen that 
the valve continues to 
open the port FG at. 
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double speed until it has reached the position shown in fig. 381. 
Here the total port opening is F A+B C. This opening will 
not be increased by any further movement o£ the valve in 
traveling to its extreme position as shown in fig. 382, on account 
of the closing of the supplementary port. In this position the 
opening P A (fig. 382) =P A (fig. 381)+ B G. 




X V And movLiif toiratd ^e Tijiht. 



te flow oyer »nd ii 



When the valve has a large atfitm lap. it 

' — ^''-■- ''-■- lap( aud even toleaVB 

lUer, or the width b ia 
sa at 1, fig. 38e. The 
of the eylLnder to the 

the right end ifl aliout 



m diatribution will be amsll. 



through t1 
siavSred 



If the steam ports be enlarged as aho^ii in fig. 383 they would be com- 
pletrfy opened when the valve reaches the eictr^e positicm. This would, 
however, necesGitate a Gomewhat longer valve. 

How to Design a Slide Valve. — The method of designing a 
valve as here given is so simple that it should present no difficulty, 
and the engineer who learns and understands the method will 
have no trouble in designing and setting a valve. 
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Although the dimensions of a valve may be worked out by 
mathematics, it is essentially a drawing board problem, and is 
better solved in that way. In solving the problem graphically, 
use is made of a valve diagram for obtaining the lap, angular 
advance, etc. There are a number of these diagrams of which 
Bome writers employ the one devised by Zeuner. The author 
considers the Bilgram by far the best and simplest and it is the 
one here used. The 2^uner diagram is objectionable in that 
it is a "cut and try" method.* 

The following example will serv3 to illustrate the application 
of the Bilgram diagram. 

Example* — ^A 7X7 ei^ne is to be run at 450 revolutions per minute. 
What are the principal dimensions of the slide valve and ports for a steam 
vdodtv of 8,000 feet per minute through the port opening and 6,000 feet 
through the ports? Lead He inch, cut off jl^, release .0 stroke, length 
of ports .8 the diameter of the cylinder, and length of connecting rod 2H 
times the stroke. 

1. Find area and dimensions of port opening and port. 

areapiston in sq. ins, Xpision speed in feet 
area port opemng %n sq. tns, « 



8,000 
(7«X .7854) X (450 X Vn X 2) 



-2.53 sq. in. 



8,000 

Since the velocity of the steam through the port is reduced to 6,000 feet 
per minute, it is made larger than the port opening in the proportion of 
8,000 -^6,000, or 

8 
area of port^ 2.5SX — =3.37 sq. in. 

6 



*N0TE. — Mr. Halsey in his admirable book on Slide Valve Gears, says, in criticising the 
Zetmer diagram: "The leading data that are given in designing a valve motion are the point 
of cut <^, the port opening* and the lead of the valve (not the lead angle of the crank, as is 
often conveniently assumed). It is the radical defect of the Zeuner diagram that none of these 
dimensions cbn be laid off from known points. The lead must be laid off from an unknown 
vpiat of the center line, and the port openins from an unknown point on an unknown line. 
Finally, through these unknown points and the center of the shaft the valve circle is to be 
drawn from an unknown center and with an unknown radius. Under these circumstances 
the result sought is found only thixnigh blind trial." Continuing he says: "With Mr. Bil- 
gram's methoa all this is changed. The lead is laid off from a fixed line, the port opening from 
a fixed point, and the cut off position of the crank is located. The lap circle is then drawn 
tangent to these lines, and Uie problem is solved. Moreover, the awkward conception of the 
badcward rotation of the crank is obviated. Finally, these marked advantages are not ac- 
companied by any compensating disadvantages whatever." The author is in accord with the 
above views. 
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tni 



¥ 

Ig 

lie 

gT:| Width of steam ports 

lis, =area+la^th 

=^S-| or 

|"'i 3.37 + 5M= .612, say J^ in. 

S 3^ Width of port openiiig-< 



'S| 



Hi 



- bp » ^^ ^S- ^^ "^^ * homontal 

^.|=i line, and near one end describe a. 

|SE drcle with any radius as O E. 

'S|iJ .Measure ofi the length of the 

■ Sj connecting rod A E—6xO B, 

2|E and A B =2X0 E. A B, then is 

^^X the length of the stroke, 

ll'u Find the position of the cross 

|c£ head F, when the piston is at ^ 

f3" stroke bytakinE AF = Ji A B. 

a'sX. With F, as center and radius 

gs| F D = A E, describe an arc 

2 b 8 cutting the circle in C. This is 

SjS the position of the crank pin 

^S* a "'is'i the piston is at 54 stroke*' 

III $, Find the lap, linear ad- 

^ I vance and travel of the oalee. 

"1 8 Use is here made of the Btl- 

■-,a I grant diagram, and the succes- 

"i j;^ sive steps in its application arc 

*|"^ as follows: 

•r^u a. A horizontal line K Nj is 

i*'.-S drawn, and the crank position 

li'u for ^ cut off transferred from 

S|i fig. 387 to fig. 388. 

j;,al 6, Draw a line M S parallel to 

^1^ K N at a distance aboTe (Hfin.) 

^ I g equal to the lead; M S, then is 

£ the lead line. 
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c. With a radius O A, equal to the port opening (J^ ki.), describe the 
port opening circle. 

d. Now, find by trial the radius E F, and. center E, of a circle that sh^ 
be tangent to the lead line M S, the port opening circle^ and the cut off 
line O C. The radius E F, of this circle is the outside lap. 

e. Draw E H perpendicular to K N, then the distance E H is the linear 
{idvance. 

/. Now by the method of fig;. 387, find the crank position for release at 
.9 stroke. In fig. 388, draw this craiik position O C% and a circle tangent 
to it with center E G^ The radius E G, of this circle is the inside lap. 



COMPRESSION 




EF2= OUTSIDE LAP 
EG«INSIOE LAP 
LINEAR ADVANCE 
yi6 LEAD 

ANGULAR ADVANCE 



•TRAVEL OF VALVE 



Fig. 388. — ^The Biigram diagram for finding the lap, angular advance travel, etc., of the slide 
, valve. With this diagram, any valve problem may be easily and quickly solved. 

g, A second tangent O C", to this circle gives the crank position for 
compression. 

Measuring the diagram, the dimensions for the valve are 
Outside lap = J^ in. Linear advance = % in. 

Inside lap ^^^in. Travel of valve ^2 ins. 



With the dimensions just obtained and the given data, the 
valve and ports may be laid down in the following manner: 
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I. find length of valve face. 

LengA 0} valve face =OMtsidt lap+vndth of steam port+ 
inside lap-ii+H+iit-lJ^ 
In Rg. 389 the steam port and one end of the valve ia drawn in neotral 
posttioii gtvmg lei^h of valve face. 

Z. find width of exhauat port. 

Ttiis is done as shown in fig. 300. Dtwn a horizontal line representing 

NEUTRAL POSITION 



Fig. 3SS.— Bow Io law out tha tUdt vain. I. With the dimeiulon) obtained by tbi 

Bilgnai diuram tha Isngth of ths Ikb ii det«rmiiied hy iketctuni on* end ot the Tilva 

the valve seat and lay c^ the steam port FG.= S^ in. Next lay off the 
bridge G H* making it }^ inch wide. 

s extreme position for admission. For 



•NOTE.— The width of the bridge depend" on the »i» and thictneM of the cylinder 
iitmg: It ihould, of couim, be uuply wide to sivs a. tXtaia tight joist vtbai coreied Of tha 
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As steam is being exhausted from the other end of the cyUnder when 
the valve is in this positicm, it is evident that the exhaust opening B H', 
must equal the wid^ of the steam port so as not to choke the exhaust. 
Hence, lay off B H'-F G, and draw the bridge H' G'-G H. H H' then 
is the required width for the exhaust port. 

J. Locate the atat limit. 

Draw one end of the valve in its extreme position for exhaust as shown 



EXTREME POSITION 




D locatsl that B H' -F G, 



in fig. 391. To do this, lay off G B', equal to the exhaust lap and draw the 
dotted line which is the neutral position of the exhaust edge of the valve. 
For the extreme position this edge moves to the left a distance B' B, equal 
to one-half the travel of the valve ( = 1 in., see page 213). 

Valve end is now drawn in its extreme position thus found, and the seat 
limit E, (fig. 391) maybe locatedat any point between A and B, which gives 
sufficient seal E B, to prevent leakage of the steam and a clearance A E, 
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for over travd. In this case the ova- travel is taken at one-half inch. -It 
is recommended for unbalanced valves that the seal E B, be made no more 
than is necessary for a steam tight joint to reduce the unbalancing. 

4. Draw valve teat and valve in neutral position. 

From the dimensions already obtained the valve seat is laid down as 
shown in fig. 392. The two (aces of the valve A 8 and C D, arelocated 
. in- neutral position and the remainder of the valve drawn. 



EXTREME POSITION 



M. 391.— ffoBt 
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The dimension now needed is the distance B C, between the exhaust 
edges. After measuring this distance it should be checked as follows: 

Distance between eriiaust edges='mdth of exhaust port+2Xwidth 
of bridge — 2Xexhaiist lap. That is 

BC=HH'+2GH — 2 GB 



THE SUDB VALVE 



m\ 



218 



THE SLIDE VALVE 



Defects of the Slide Valve 

1- A small increase in the port opening requires a great increase 
in lap and travel, 

A valve having the proportions of the one in the foregoing example, 
would be suitable for an engine with a fixed cut off. If it were designed 
for a variable cut off engine, the port opening should at least be equal to 
the width of the port, or somewhat greater to provide for sufficient opening 



9^ CUT OFF 




H 



TRAVEL FOR •& IN. \J 
PORT OPENING )| 



TRAVEL FOR V* IN, PORT OPENING 



-J 



Pig. 303. — Defecta of the slide valve: A small increase in the peri opening requires a large 
increase in the travel^ and additional lap. In the diagram increasing the port opening O A, 
to O A', K inch, increases the travel It N, to K' N\ or l^inches. 

at early cut off. The effect of this is seen by drawing another diagram 
as in fig. 393, increasing the port opening from one-half to, say, three-fourths 
inch. 

In the diagram, the original proportions are shown in dotted lines from 
which it is seen that for an increase A A', of one-fourth inch of port opening 
the travel K N, is increased to K' N', or 1 J^ inches. 
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In fig. 394 the 
original valve is- 
shown in cross sec- 
tion and one having 
the new proportions, 
in dotted lines. 
Comparing the two, 
it is seen that the- 
exhaust cavity is- 
larger. This to- 
gether with the 
additional lap, con- 
siderably increases ' 
the lenf^ of the , 
valve, thus exposing 
a larger unbalanced 
are& to the action 
of the steam. 

Quite as objec- 
tionable is the in- 
crease in the travel, 
requiring as it does, 
larger ports for 
moving the valve. 



2. The travel 
is excessive when 
th£ valve is de- 
signed for an 
' early cut o^; con- 
, siderable lap is 
required. 

Theeffe'ct of 
shortening the cut 
' off from three- 
fourths to, say, one- 
half stroke is shown 
in fig. 395. The 
full lines show the 
proportions for 
three-fourths cut 
off, and the dotted 
lines iot one-half 
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cut off. By measuring the diagram it is f otmd that the travel has increased 
from 2 ins. to 3^^^ ins., also the lap has increased from 3^ to !%• 

The size of the valve is greatly increased as shown in fig. 177. The three- 
fourths cut off valve is shown in cross section and the one-half cut off valve 
in dotted lines. The valve seat for the latter being shown in dotted cross 
section. 

3. On account of the large proportions and excessive travel 



necessary, the slide valve 
is considered undesir- 
able for cut offs shorter 
than one-'half stroke.* 



tVz CUT OFF 



%!^CutOFF 




TRAVEL FOR ^M CUT OFF 



TRAVEl. FOR Vi BUT OFF 



Pig. S95. — Defecta of tiide valves The travti is excessive when the valve is designed for an early 
■cut off; considerable lap is required. The diagram ahowt the lafse increase in travel neoeasary 
in shortening the cut o££ from ^ to H stroke, and also why the slide valve is sot sui t able for 
<cttt offs shorter than y^ stroke. 

In general, to keep the proportions of a valve within limits, for a short 
cut off, the ports must be made as long as possible so as to reduce the 



*NOT£. — ^It should be understood that this means the cut off with fuH traveL Any 
'^ve may be made to cut off shorter by reducing the travel as before explained but thia is at 
the expense of reducing the port opemng. 
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width and thus secure the proper admission with a minimum of valve 
movement. 

The Allen valve requires only one-half the lap and travel of the ordinary- 
valve as shown in the diagram fig. 396*, the diagram for the Allen valve 
being shown in full Hues, the other dotted. In figs. 397 and 398 are shown 
the proportions required for the ordinary valve cutting off at three-fourths 
and one-half, and the Allen valve with one-half cut off. M, is the h^ 



Vfc CUT OFF 




TRAVEL ORDINARY VALVE 



PXG. 8d6.— Comparative diagrams showing travel of Allen and plain slide valve, 
valve xequires only half the travel and naif the lead of the plain slide valve. 



The Allen 



travel required for three-fourths cut off, M', for one-half cut off, and M'\ 
for one-half cut off with the Allen valve. The figures are intended to show 
by comparison the undesirable features of the ordinary valve at early cut off. 



*NOTE. — In the dia^^m the i>ort opening arc A B, is taken with radius one-half smaller 
than A' B', the port openmg arc of the ordinary valve because double admission is secured with, 
the Allen valve. 



THE SLIDE VALVE 



The full benefit to be derived from the Allen valve may be obtained by 
so modifying the Eteam ports, as shown in figs. 383 and 398, that the 
supplementary ports are not closed when the valve is in the extreme 
positions- 






valve for H And H cut off coneapondinff to the dio^un 
e in the IcTiitb of vslve end eeat necessnTY lor the shortsr 

, ineBshouM be noted. Pig. BBS ihowa the Allen valve with 

modi5ed steam ports for >i cut off as compered with the plain slide valve foi fi sod K cut oS. 

4. For a short cut off, release and compression occur too early. 
This is illustrated in the diagram fig. 399. A, A',and B. B', are the cranfr 
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positions of release and compression for three-fourths and one-half cut off 
respectively. Either may be corrected by the addition of positive or n^|a- 
tive inside lap, but it must be evident that to correct one, will cause the 
other to occur still more prematurely. 

6. For variable expansion. Hie fort opening is inadequate, and 
release and compression occur too early at short cut off. 




COMPRESSION 
OfeCOT OFF) 

.,- RELEASE 
;A(5icUT0FF) 

^^B^ COMPRESSION 
(?a CUT OFF) 

RELEASE 

C^ CUT off; 



BOTH 

TOO 

50DN 



Flc. 399. — Defeeta o/" the alide valve: For a short cut of release and compression occur 
too early. The diagram shows the effect on release and compression, of changing the cut off* 
fromJi to H« Either may be corrected with positive or negative inside lap but the error 
of the other will be correspondingly- magnifiea. 



As will be explained in detail in a later chapter, the cut off may be varied 
by the method of combined variable angular advance and variable thraw^ 
as is done mainly on engines having shifting or swinging eccentrics 
known popularly as "automatic cut off engines." 
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Assume latest cut off at ^ stroke and that TT, is greatest travel mechani- 
caUv feasible. Draw O C » ^ cat off and describe travel circle with radius 
O T, and on this circle draw lap circle tangent to O Q and lead line. The 
corresponding port opening A!a\ as seen, is considerably in excess of the 
required or normal opening A B. 

Now since the travel is reduced as the cut off is shortened a series of lap 
circles R, R', R", will appear in the diagram on a line M S, drawn parallel to 

fCUT OFF FOR NORMAL 
\ PORT OPENING 



CUT OFf 



H- CUT OF 




MAXIMUM 
TRAVEL 



MINIMUM 
TRAVEL 



EXCESS PORT OPENING 
^ , lAT LATE CUT OFF 

a'*%Hb*"^normal port opening 

\/INADEaUATE PORT OPEhllNG 
\AT EARLY CUT OFF 

Pig. 400. — Defects of the elide valve 5. — ^Por variable expansion the port opening is in- 
adequate, and release and compression occur too earlv at short cut c^. The diagram shows 
the effects of changing the cut off from ^ to ^ by toe method of combined voHehU angtilar 
advance and vari(Me travel. Evidently, when variable expansion is thus obtained, the travel 
of the valve should be as great as possible in "full gear," because of the decteasing port 
opening with shortening of the cut wL Prom the diagram, it is also clear that the snorter 
the full gear cut off, the larger the port opening at earnest cut off. 

the lead line (assuming constant lead). Thus lap circle R\ for normal 
port opening, gives a cut off O C, near one half stroke. 

Ordinarily the most economical cut off is at ^ stroke (non-condensing), the lap circle R', 
in the diagram giving this cut off. The port opening as seen for ^ cut dB. is reduced to A' 
B', being about one half less than the required amount A B. 

Accordingly the operation of automatic cut off engines at eariycut off is characterised 
by a sloping admission line on the indicator card the pressure drop reducing the efficiency. 
Moreover release and compression occur as the cut off is shortened, being entirely too early 
at \i cut off. In the diagram these events are represented by the crank positioa O R, O R' 
and O R', corresponding to cut offs O C, O C, and O C respectively. 
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CHAPTER 6 
THE VALVE GEAR 



Ques. What is the valve gear? 

Ans. The mechanism, or combination of parts by which a 
reciprocating, or to and fro motion is imparted to the valve from 
the rotary motion of the shaft. The simplest form of valve 
gear consists of: 

1. Yoke; 

2. Stem; 

3. Guide; 

4. Eccentric rod; 

5. Eccentric strap; 

6. Eccentric. 

These parts are shown assembled in fig. 401. 

The Valve Yoke. — ^The valve is held in position by a yoke 
which consists of a rectangular band (fig. 402) which surrotmds 
the upper part of the valve. The latter is indicated by dotted 
lines illustrating the position of the valve with respect to the 
yoke. 

The fit between the yoke and valve is such that the latter is free to move 
up or down and thus adjust itself to the seat. At A, is a slight enlargement 
to receive the valve stem. 

In some cases the yoke is omitted and the stem attached direct 
to the valve as shown in fig. 403. 
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The valve 13 retained in place by 
the nuts A and B , by which the lengti 
of the stem U adjusted in setting the 
v&lve. In £g. 402, the adjustment <A 
the stem is at A. 



The Valve Stem.— Tliis is 

usually made of steel and serves 
to transmit the motion o£ the 
' eccentric rod to the valve. Fig. 
402 shows the type stem used 
with a yoke, and fig. 403 the 
form used without yoke. Prom 
figs. 404 to 406 it is seen that a 
valve stem consists essentjally o£r 

1. A threaded section A form- 
ing a connection for yoke or 
valve, and providing for adjusting 
the length of the stem in setting 
the valve; 

2. A cylindrical section B, 
which passes out of the steam 
chest through the stuffing box; 

3. An enlarged secticm C to 
secure sufficient bearing area for 
the guide; 

4. A pin connection D for the 
eccentric rod. 



t«m is dessned to coove 
unf aVDTAHe cooditiODS. 
— Vj diom. cylinder 



<f4 -Hdia . 

^a leoffth and bnadth of (slide) valvei P-10,OOIX 
£ for long ('roil itein - 12.000 for long slfd iton. 



Seaton's 
—bailer prerann; L and B 
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In many cases 
the eccentric can- 
not be placed di- 
rectly in line with 
the valve stem on 
account of the 
room required for 
the main bearing. 
To provide for this 
the eccentric rod 
connection is 
placed between 
the valve and the 
guide, and an of- 
set pin is attached 
to the enlarged 
section projectmg 
out to the line of 
the eccentric rod 
as shown in fig. 
407. Here, it is 
necessary to make 
the enlarged 
section of the 
valve stem square 
or rectangular, to 
prevent iJhe stem 
turning due to the 
angular thrust of 
the eccentric rod. * 
On accoimt of this 
turning action, it 
is important that 
there he no lost 
motion in the guide 
hearings. 



The Guide.— 

The object of 
the gtiide is to 



*NOTE.— In this type 
of valve stem, the square 
section is usually a sepa- 
rate part with a threaded 
joint A. (figs. 402 and 
4(y7), to facilitate con- 
struction and adjustment. 
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prevent the previously mentioned turning motion, and any side 
movement of the valve stem which may occur on accoimt of 
the action of the eccentric rod. In fig. 408, the guide consists of 
a U shaped piece attached to the lower end of the steam chest. 
This style is used extensively on marine engines when the 
eccentric is directly imder the stem; it is, however, somewhat 
in the way when packing the stuffing box. 



Fic. 403.~Detail of marine type ot valve stem guide with adjustable biasxe. 

The valve stem guide shown in fig. 401 has no means of adjustment (or 
wear. A more desirable fonn is shown in fig. 408 having a box with ad- 
justable brasses; this is the r^ular marine type as used on large engines. 

On engines having offset eccentrics, there are usually two guides which 
are attached to the engine frame as shown in fig. 407. 

Two projecting arms B, C, are cast to the frame with cross pieces D, E, 
bolted on, and serving as guides. The offset pin F is screwed into the 
square section of the stem and locked by a nut. 

There are numerous forms of guide depending on the de^gn of the 
engine. In fig. 409 is shown the guides of the Brownell enginei Lubricating 
devices are attached to the guides and below is a tray to catch the waste oiL 
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Rocker Levers. — Sometimes an ofEset pin is carried on two 
rocker levers, M, and S, as shown in fig. 410, which illustrates 
the constniction iised on the American Ball engine. 



The fisun ilunn also 




ock shaft C, snd rocker leTi 
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The pin is carried by two rocker levers M, and S, keyed to the 
shaft C. There are pivoted joints at D, and E, for the valve stem 
and eccentric rod. 

In operation, the rockers move through a small arc, and a 
slight up and down movement is produced owing to the circular 
path of D. The stem is sufficiently flexible to allow for this, 
hence no special provision is made. This style of oEEset pin is 
used to advantage on engines having the eccentric rod located 



PtO. ill. — Erie Cityhigh (peed eogine. An Imtlrtcl locker fulcrumed »t A, ii wed in plu« 

ofuioffHtpin. TbevalvescemiikCtachedkt B. and thecccenCiicnxlst C. ToaUmirtot 
lido motioa due to the rocL«r, a flexible joint ifl provided at S. 

outside the flywheel where the offset, or distance D E, is ccm- 

siderable. 

Another type of rocker used on engines of tins class conasts of a hori- 
zontal lever, pivoted near the center as shown in fig. 411. 

A projection M, bolted to the engine frame carries the lever whose ful- 
crum is at A, connection at 6, being made with the valve stiem, and at C, 
with the eccentric rod. Since the arm A B, is rather small, the arc 
described by B, will cause more side motion of the stem than is occasioned 
by the movement of D, in fig. 410, hence a flexible joint is provided at S, 
to relieve the stem of undue Dending. 
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Ques. What Is at direct valve gear? 

Ans. One in which the valve stem and eccentric rod move in 
the same direction as shown in fig. 410. 

Ques. What is an indirect yalve gear? 

Ans. One in which the valve stem and eccentric rod move 
in opposite directions as shown in fig. 411. 
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The Eccentric Rod. — Motion is transmitted from the 
eccentric to the valve stem or rocker by the eccentric rod. The 
rod may be either round or of rectangular section. A simple 
form of rod is shown in fig. 413 with the end connections in- 
dicated by dotted lines. In fig. 415 is shown a rectangular rod 
which is secured to the strap by a cross piece A, and stud bolts 
BandC. 
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Where two eccentrics are employed, as with link motion, the pin end is 
offset as shown at D, fig. 414, the offsets of the two rods being on opposite 
sides to permit the link to work cientrally. The pin is held by the two 
jaws, E and F. 

On marine beam engines the eccentric rods are of great length and to 
make them rigid each rod is usually built up of flat wrought iron bars in 
shape of a tapering lattice girder. The extreme end is a solid bar, with a 
notch for hooking on to the rocker pin. 

A pin is used in place of an eccentric on many high speed engines where 
the rod is located outside the fly whed; the rod being constructed as shown 
in fig. 416. Part of the fly wheel and the rocker are indicated in dotted 
lines to show the position of the rod. 



I^OCKER PIN 





FLY WHCfO. 



CCCCNTIWC PIN 



'^--^^ :^ 



'--^. 



jMdi 



M 




ROCKER 



Pig. 416.7-Outside eccentric rod of a high speed engine. With rods of this type, an 
eccentric pin is used in place of an eccentric. The other end of the rod is usually attached 
to a ditut rocker. This and part of the fly wheel are shown in dotted lines. 



The Eccentric and Strap. — ^An eccentric is the equivalent 
of a crank fin which is so large in diameter that it embraces the 
shaft to which it is attached and dispenses with arms. Its object 
is to change the rotary motion of the shaft into a reciprocating, 
or to and fro motion. This motion is transmitted by the strap 
and eccentric rod to the valve stem and valve. An eccentric 
and strap of simple construction is shown in figs. 417 and 418. 

The eccentric E, is a cast iron disc having a projecting boss or hub H, 
containing a set screw I, to secure it in any position on the shaft. A, is 
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the center of the ec- 
centric, and O, the 
center of the shaft. 
■nie hole for the 
Bhaft is driUed out 

"eccentric" with Uit 
center of the disc, 
hence the name 
ecceiOric. 

The distance O A 
between the center 
of the shaft and the 
center of the eccen. 
trie is ^^eccentridly 
and is equal to one 
Affl/f the throw. This 
distance is somtHmes 
wrongly tmiled the 



fhi 



Throw 

Ques. What Is 
the throw of an 
eccentric? 

Ans. Twice the 
eccentricity or the 
amount of to and 
fro movement 
produced. 

The throw is equal 
to the diameter of 
the circle described 
by the center of the 



volves around the 
shaft. Thus, in figE. 
417 and 418, when 
the center of the 
eccentric is at A' 
and the end of the 
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rod at T', the end of the rod moves from T' to T" as the center of the 
eccentric moves from A' to A". The distance TT' or A' A" is the throw, 
some erroneously call half this distance the throw. 

The eccentric is embraced by a strap usually made in two pieces D, D'. 
These are held together by the bolts M, S, liners being inserted at X and Y 
for adjustment. The circumference of the eccentric is recessed at J and K, 
to register with a groove in the strap; this prevents any side motion of the 
strap.' 

The eccentric rod is attached to a injection or neck N, usually by a 
threaded connection as shown. At W, is an oil well for lubrication. 

The strap is recessed at P and G, to register mth a side of each bolt which 
prevents the latter turning when the nuts are tightened. 



ECCENTRICITY, OR 
'/« THE THROW. 




CRANK 



0' 



Pigs. 419 and 420. — Com^rtson of eccentric and crank. An eccentric is equivalent to a small 
crank whose arm O' £' is equal to the distance O £ between the center ot the shaft, and the 
center of the eibcentric. Thts distance is the •ccentridty, or one-half the fhrmo. Sometimes 
erroneously called the throw. 

There are numerous forms of eccentric, the one shown in fig. 417 and 418 
serves to illustrate the principles and parts; it is such as would be used 
on a small horizontal engine. 



Angular Advance 

Ques. What is the angular advance of an eccentric? 

Ans. The number of degrees the eccentric must be moved 
forward from a position at right angles to the crank to give 
the valve its linear advance, that is, to move it from its neutral 
position to its position when the crank is at the beginning of 
the stroke. 
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This is illustrated in figs. 421 and 422. In fig. 421, the crank is on the 
dead center and the valve in its neutral position. The corresponding 
position of the eccentric is shown 90 degrees ahead of the crank. 

When the crank is on the dead center the valve must be in the position 
shown in fig. 422, a distance M M', to the right equal to ihe lap plus the lead 
or linear advance. Hence the eccentric must be turned ahead on the shaft 
far enough to move the valve this distance from its deutral position. 

To find the angular advance, MM', is measured off to the right of the 
vertical Hne and a parallel line drawn. This cuts the path of the eccentric 



NEUTRAL POSITION OF VALVE 





CRANK 

ANGULAR A{)\|ANCE 
LINEAR ADVANCe 



SHAFT 



LEAD 




PATH OF ECCENTRIC CENTER 

Figs. 421 and 422. — ^Illustratinff linear, and .angular advance. When the crank is on the dead 
center, and the eccentric set 90' ahead, the valve should be in its neutral position as shown 
in fiff. 421. The valve, however, when the engine is on the dead center, must be at a distance 
(M M', fig. 422) from its neutral position equal to the lap -\- lead or in its position of 
linear advance. The eccentric then must be turned ahead through an angle A O A', its 
angular advance, sufficient to move the valve to its linear advance position M'. 

center at A', from which it is evident that the eccentric must be turned 
ahead through the arc A A', to move the valve to the position M', A O A' 
being the angle of advance, or angular advance as it is called. 



Ques. What objections are there to eccentrics? 
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Ans. The diameter is large in proportion to the throw. On 
account of this large diameter, the velocity of rubbing against 
the strap is considerable as compared with an equivalent crank 
pin. This causes an increase of friction and tendency to heat 
which requires closer attention to be given to lubrication and 
adjustment of the strap. 

Sometimes the eccentrics on small engines have straps with only a single 
adjustment as shown in fig. 423. 

STRAP ADJUSTMENT 
ONE PIECE STRAP 

ECCENTRIC 
ECCENTRIC ROD 




Pig. 423. — ^Eccentric strap in one piece. A type of strap for use in inaccessible places, as on 
small multi-cylinder marine engines having cast frames and valves on the side. On account 
of the poor fit after adjustment, this type of strap is liable to heat, and should be avoided 
in design wherever possible. 

The strap is one piece and consists of a split ring with projecting lugs for 
the adjusting bolt. Liners may be inserted in the space between the lugs, 
or a set screw provided to hola the bolt in position. 

Eccentrics of this type are regarded by some (including the author) as 
being only a little better than a makeshift because when wear is taJsen 
up the strap looses its circular form and no longer bears properly on the 
eccentric, making it more liable to heat in operation. 
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Large eccentrics are usually made in two unequal parts H and 
H', as shown in fig. 424. 

These are held together by the key bolts M, and S; the keys retain them 
in position and prevent turning when the nuts are tightenal. A keyvay 
K.iBprovided to retain the eccentric in position on the shaft and ako - '"■' 




An eccentric strap having micrometer adjustment as iised 
>n the Ideal engine is shown in figs. 425 to 428. 
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The two halves of the strap are joined kt the bottom by a construction . 
possessing the dements of a hinge. At the top, the uniting bolt M, passes 
tbroi^ a sleeve nut S, which is threaded into the baselugL, and. fixes the 
distance between the two halves. In adjusting the strap, the nuts M, are 
slacked and the sleeve nut S, turned to regulate the distance between the 
two halves, and the nuts M, again tightened which holds the two halves 
rigidly together. 



#^ 



H1NBE COHHECTIDft 



Pigs. 416 to 438. — Bccantric iCnp of tba Ideal engine, luving nicronutw •djoftswot. Tbi 
two faatni tn ioined. at the battom by * hioce connectiDii, Sg. 428. mini ■( iht top by u 
unitma bolt M. £«, 426; Chii pusa thiouEh a ■laeva nut S. wfaich ii threaded into the twee 
log and fixei the diitincc between the two halvu, 

NOTE. — Thvn are ■ereral kmds of eccentric: 1. the ciraUar, or ecoeatric properly so 
called, and 3. the varioui otber contrivance* beuins the nuna of eecaatrici, but i^ch are 
virtvullr cuni. nich M the heart ahaped eccentric, the triangular eccentric, eccaBtrica with 
■ unifarmly varied notion, etc. 

NOTB.— The larie amoant of friction ^odiiced between the eccentric and ita itrap renders 



NOTE. — Becaoac of the relatively high vriccity ot the rubbing turf ace aa compared with 
——•-ie pin, the latter ii the mors desirable and ia used in best practice where the con- 
■-. ... ■._.._. ■ M having valves on flia lidi operated from a 



■t (teal, tntferab^ ot 
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In fig. 429 is shown the strap and eccentric rod of the Erieco 
engine. The rod is attached to the strap at A, and held by the 
set screw D, 



Fig. 420.— Grieco eccentric strip and rod. The atrap is Uned with Babbitt metal, and the 
eccentric, beinjt on arc which jiroperly fits the atiap, makea a ball and ■oclcet joint. Thii 
anangement insures cool ninoiog evea though there be a lateral enor in the alignment. 



NOTE.- 
Lc end may he caicuiaiea in uii 

rought iron. Eccentric rodi i 
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CHAPTER 6 
VARIABLE CUT OFF 



Where economy of steam is desirable, engines. are used which 
automatically adjust themselves to any change in the load by 
altering the cut off. These are called automatic cut ojff engines* 
as distinguished from throttling engines, in which the cut off is 
fixed and the steam supply varied at the throttle valve. In 
either class the regulation is controlled by an automatic governor. 

There are several methods employed to vary the cut off as by: 

1. Shifting eccentric; 

2. Swinging eccentric ] offset; 

3. Rotating eccentric (independent cut oflf valve); 

4. Fixed eccentric (adjustable lap cut off valve) ; 
6. So called expansion valve gears, f 

These various methods may be divided into two classes, 
according as the cut off is varied: 



•NOTE. — ^The term automatic cut off engine is popularly applied to that large class of 
small and medium sized high speed engines having non-releasing valve gear; broadly speaking, 
any type of exijgine which adjusts itself to changes in load by automatically varying the cut ofit 
is an automatic cut off engine. 

fNOTE. — The author objects to the term "expansion valve gears," because by usage it 
has come to mean single variable expansion gears as distinguished from fixed expansion, and 
double gears, all gears being expansion gears except a few, as for instance, pump gears, 
which admit steam for the fml length of the stroke 
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VARIABLE CUT OFF 2iS 

1, By single valve gear, or, 

2. By double valve gear. 

When a sii^le valve gear method ia emploved, the cut oB is called 
tofiabU, as diGtinguiahed from the methods nsmg double valve gear, in 
which case the cut off is said to be independent. 



Pica. 433 to 431.— Diagnum ihowiBi mbf both llu Ihnra oikJ sufulor a 

TmiiadtoduuicatlwCBtoS. latlubunslatO.bc thaceaCerof theihaft.i 

o(theec«BtnDfwiiiuimumthroir,£snNOB.i*thsvwulu'>dv]u)cfl for muimani throw. 



tocbwicatlwCBtofi. In oia^kn lat O, be tha ceaUr of UuTihaft.'uil 8, tba carter 

ic«BtnDfwiiiuimumthroir,£snNOB.i*thsvwulu'>dv]u)cfl for muimani throw. 

Nov, if orOit the throw be cbannd u in fls. 433. the center of the eccentric wlU be at (ome 
point B' on rultot OE; STidently thii reduce) the hnear advuac* LA, to L'A'. thiu di>- 
tiTTbiTia the Uad. Hence, wh«11 tfao travel JB cbuued, ei by redacina ^t tcctntrici^ from 
OE to OE', fin. 432 and 4S3. tlu uaujar adnnca miut be incrwued&om NOB, to HOB", 
fia. 431, in ^oount tufBdent to maintain the linear advance coutant in order not to alter 
SelMd. 

Principles of Variable Gut Off .—The cut oS of the (mlinary 
slide valve may be altered by changing both the throw and 
<mgular advance. In making these changes, the shorter the 
travel, the earlier th^ cut off. This way of changing the cut o9 
may be called the method of combined variable travel and variabU 
angular advance. There are two methods of moving the eccentric 
to vary both the travel and angular advance: 
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1. By shifting; 

2. By swinging. 

To distinguish the two constructions, the first is called the shifting 
eccentric, and the second the jwtn^ng eccentric, most engines being fitted 
with the latter. 

The Shifting Eccentric— The principle o£ a shifting eccentric 
is illustrated in fig. 435. A slot S, is cut in thfe eccentric at right 



Fig. 43S. — The ahifting Kcentric. Tva arms A, B, attached to the eccentric, pan tfaran^ 
the bearings C, D. The eccentric hai n slot S to permit linear movement on the ih^t. 
By shiflins it from E to E', the throv is leduced. and the angular advance iiiCT>eaaed, th« 

friction in the bearings C.D, as compared with the swinging eccentric. The lead it mnrtaat 
(not considering the sngutsnty at the eccentric n>d}. 

angles to the crank; two arms A, B, project from the eccentric 

to the bearings, C, D, which are attadied to the fly wheel, thus 

permitting the eccentric to "shift" at right angles to the crank. 

For a late cut off (full gear) , the position of the eccentric is shown in full 
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advance. This is done by jfl»/(jnf the eccentric along the slot to sc 

mediate position as that shown by the dotted lines with center at E'. This 
reduces the eccentricity, or half throw from O M, to O M', hence, the travel 
of the valve has been reduced twice the distance M M , and the cut oS 
shortened an amount corresponding with the increasB (£ O £'} in the 
angular advance. 



16 and 437.— Some enamplem of shifting eccentrics as used on traction engines, far both 
-'--it off and reverse. Fis. 438, HeUnja ' .---.->... ._■_ ,,:^., 



JS. 



V, BioOTe3.bting^Bredtaa£>Db1e b«tl crank, nbich is connected by a link to a d^ and 



rannd to slido along the shaft. A second bell crank 
Tol lever. ■''- '""' -^^ — "-- "---.-'* '--^^ - 



>ns the Ruseell vahable cut i^ and reverse. As constriicted, 
""' -'-■■■-« ' ■ igifl be]l cfiinjj. 
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Since the center of the eccentric moves in a line £ £', at right angles 
to the crank, the lead remains constant.* The angular advance increases 
as the cut ofE.is shortened. In moving the eccentric from £ to £', l^e 
angular advance increases from N E to N O E'. 

Ques. What is the action of a shifting eccentric in 
shortenhig the cut off? 

Ans. It shortens the cut off by reducing the throw and increas- 
ing the angular advance, sufficiently to maintain a constant linear 
advance, {not considering the eccentricity of the eccentric rod). 
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Fig. 438. — ^The swinging eccentric. The arm A, is pivoted at B, in line with the shaft and crank 
pin. This location of the swing center causes the lead to increase as the cut off is shortened. 
If the swing center be located on the opposite side at B', the lead wiU decrease as the cut off 
is shortened. 



The Swinging Eccentric. — ^The chief objection to the shifting 
eccentric is the friction brought on the bearings (C, D, fig. 435) 
which is liable to interfere with the free movement of the eccen- 
tric, and thus reduce the sensitiveness of the governor, especially 



•NOTE. — The effect of the angularity of the eccentric rod is to diminish the lead 
the eccentric- moves from E to E\ but since the rod is ver> long in proportion to the throw, 
the lead is only slightly reduced, hence for simplicity the angularity is neglected in the ex* 
planation* 
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OQ account of the difficulty of lubricating a bearing rotating 
around a center, accordingly the shifting eccentric is better 
adapted for an adjustable or non-automatic cut off engine.* 

To overcome this defect, Ihe swinging eccentric has been devised by- 
means of which the considerable linear motion through the bearings 
(C, D, fig. 435) has been reduced to a very small circular motion. 



Pig. 439.— Fly wheel and governor of Buffalo engine illustrating the awinging eccentric. It 
Bliould be noted that m the design here illuatraled the swing center is near tlie radial slot 

A swinging eccentric has one arm A, fig. 438, of any convenient length, 
and. pivoted at some point as B, on a line joining the shaft and crank pin 
centers. The point B, is called the swing center. A circular slot S, is cut in 
the eccentric, having sides in the form of arcs of drdes described wi^li 
B, as center. 

'NOTE. — Owine to the centrifugal force thuB act up, the <h1 will not nnuun long ia the 
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The action is sixoilar to that of the shifting eccentric, that is, the cut off 
is shortened by a reduction of throw and an increase of angular advance. 
This is done b^ swinging the eccentric about the swing center B, from its 
full gear position £, to some intermediate position E'. Here, the angular 
advance has increased from N O E, to N O E', and the throw reduc^ by 
twice the distance M'M. 

Ques. What is the action of the swinging eccentric 
in shortening the cut off? 

Ans. It shortens the cut off by reducing the throw and increas- 
ing the angular advance in such proportion as to give an increasing 
lead. 

RADIAL SkOT 
LATE CUT OFF 

SWING CENTER 
CRANK PIN 




EARLY CUT OFF 



Pig. 440. — ^The offse •winging eccentric. With the swiiu; center l9eated as in the fiscne. 
the lead is the same for maximum and minimum cut off and greatest in mid position. 

It shotdd be noted in fig. 438, that as the center of the eccentric is moved 
from E to E', to shorten the cut off, the lead is increased an amount equal 
to the distance L*. 

Ques. How would the action of the swinging eccentric 
be modified if the swing center be located on that side of 
the shaft opposite the crank pin? 

Ans. The lead would decrease as the cut off is shortened. 



*NOTE. — Taking into, account the angularity of the eccentric rod, the actual increase 
in the lead is slightly less than the distance L. 
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This is objectionable in that it reduces the port openine as the cut off is 
shortened, thus producing wire drawing which lowers the acCnission pressure. 

The Offset Swinging Eccentric. — On some engines the 
swinging eccentric is located with its swing center offset from the 
line joining the shaft and crank pin centers as shown in fig. 440. 




Pig. 441.— Valv« sear of the 
Lentz poppet valve engme, 
illustrating the shifting tjrpe 
eccentric. In this eccentric, 
the shifting slot is cut strai^t, 
the axis of the slot making 
with the line joins the center 
of the shaft and center of the 
eccentric, an ancle equal to 
the angular advance* the 
eccentric axis being in advance of the slot axis. The effect of straight slot eccentric when 
used for variable cut off is to give a constant lead for all degrees of expansion (not con* 
sidering the angularity of the eccentric rod) . 



Ques. What is the object of offsetting the swing center? 

Ans. To compromise between the conditions described in 
the last two examples, that is, instead of an increasing or de- 
creasing lead, by offsetting the swing center the same lead is 
obtained at both maximum and minimum cut of with a somewhat 
larger lead in mid position. 
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In fig. 440, the swin^ center B, is oSset above the crank axis one-half the 
distance from E, to this axis. This position B, gives the same lead in the 
two extreme positions, and it should be noted Oiat the total increase of 
lead L, is only one-half the increase L, of fig. 438. The two positions illi:s- 
trated, correspond to those of the two preceding figures showing the same 
angles of advance but less increase of lead. From the figure it ia seen 
that if the eccentric be moved to the extreme position E , the lead wiU 
decrease and become equal to the original amount for the full gear 
portion E. 



Pia. 413.— L«ffe1 sdjuitable thifling aeeantrle. It consists of a hub pl&te keyed to duft witli 
valve eccentric bolted thereto, in a manner enabling sdjuatment □( the cutoSiq) to thros- 

Ques. What is the action of the offset swinging eccen- 
tric In shortening the cut off? 

Ans. It shortens the cut off by reducing the throw and increas- 
ing the angular advance, in such proportion that the lead increases 
jor full gear to mid position and then decreases to the original 
amount at minimum cut off, the total increase being less than 
that pnxiuced by the swinging eccentric. 
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Independent Cut 0£E. — For maximum economy, a much 
earlier cut off is required than that produced by a slide valve in 
full gear. For instance, a single cylinder engine to nm with the 
least steam consumption per horse power must cut off from 
one-third to one-fifth when running non-condensing and from 
one-fifth to one-seventh when running condensing, the particular 
point depending upon the pressure and quality of the steam, etc. 



13 aod spiins ara parta ol 



A considerable range of cut off is required on account of 
variations in power demands. 

The plain slide valve is designed for the latest cut off required 
and with a movable eccentric the valve is made to cut off shorter 
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S. Compression beglm too eartf 
?ias.**iU>4*6.—D»f»cUo/th«tIltUvalimBltarlyeuloff! 1, 6s.m, ilav and iitiu£Uimt 
fvl Qtminf, NotB Chat the ecceatric center E', ia at the end of Its thnw; hencs the -rain 

Tbia ia due to the incrtaaed aoffular advance displacing the valve to the Itft by the dutance 
AB; 3, &B. 446, camprmion begins too early- SimiiarW- ai in 1, the increased KOBulsr 
advance displacei the valve to rifht by the distance A'B'. causing the valve to close to 
exhamt too soon. Jn the Gauiea, £, ia the center of the eccentric for full ffear or late cut oB, 
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as previously explained. This combination has the advantage 
of simplicity but for very early cut offs it possesses certain 
defects which become more pronounced with the shortening 
of the cut off. These defects are, briefly: 

I. Slow and insufficient opening of the port for admission. 




LATE CUT OFF 

-HNCREASE IN LEAD (EARLY COT OFFj 
-NORMAL LEAD ClATC CUT OFF) 



EARLY CUT OFF 

Pios. 447 and **A.—Difecli of Ott itiit vaite at larly . 

Bcasntric. *^ • -■-"- 

B. of thB e 

anffolar advance and reducing 

a dlstJuicg AB, incrtannt tha u 



SWING CENTER 



_„ , batwoED shaft and oranlc pin. Po 

B, of the eccentiic awinaa thitn^h the arc EE', fi^. 441^, to pcsitio 
and reducing ue travel, but in bo doiiv, the vail 



On account of the reduced travel, the valve moves slower at a 
and cut off; this causes wire drawing at these points which together ^th 
insufficient port opening due to the small travel results in a. loss of pressure. 

2. Prerelease occurs too soon. 
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3. Compression begins too early. 

This produces a resistance in excess of that required t 
momentum of the reciprocating parts. The slower the engine speed, the 
more pronounced is this efiect. 



> 5, liad HOC cauunl wiUk 



4, The lead is not constant ^with swinging eccentric). The 
variation of lead is influenced chiefly by the position of the 
swing center, and also by the length of the swing radius. 

The independent cut off is intended to overcome these defects 
and consists of: 
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1, A main valve which controls the points of admission release 
and compression, and 

2. A cut off valve which controls the cut oflt. 

There are two eccentrics, one for each valve. The main valve is operated 
by a fixed eccentric, and the cut off valve by a rolaling eccentric. With 
this comtnnation, the cut oS may be varied without changing the positions 
cf release and compression. 

Ques. Where Is the cut off valre located? 



Pic. 4St. — The Gonienbacb mdependent cut off valve. This is locsted in a sepamte ateai.. 
cheat abovB the main valve, the latter being an ordmary slide valve which controls the 
ctMTn Hifttrihiitinn vith the euMptioii of ctit off. The ranffe of cut oS ia limit«i, and the 
ta It lann cleanuKe which a objectionable. Moreover, the main 

Ans. It may be, 1, placed in a separate steam chest, or 2, 
arranged to work on the back of the main valve. 

Quea. What Is it called when arranged to work on the 
back of the main valve? 
Ans. A riding cut off. 
Ques. Describe the type with separate steam chest. 
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Ans; The Gonzenbach valve shown in fig. 451 is an example 
of this type. In the figure, the main valve, which is the lower, 
is an ordinary slide valve; the cut off valve which works on a 
ported partition directly above, is of the gridiron type, that is, 
there are a number of steam ports (A, B, C,) in order to secure 
a quick cut off with moderate travel. 

During admission, steam passes through the ports A, B, C, into the 
lower steam chest and to the cylinder through either one of the cylinder 



NEGATIVE LAP 




STEAM PORTS 

Fig. 452. — Gonzenbach cut off valve in nmatral position showing negative lap. 



ports which happens to be open. The action of the cut off valve differs 
from the ordinary valve in that while the latter opens and closes the port 
with the same edge, the cut off valve does this with the two edges, that 
is, the port in the valve passes bodily across the port in the seat. 

Ques. How is the cut off varied? 



NOTE. — ^If the travel of the valves on a locomotive for full gear be 4H to 5 inches, for a 
lead of Vie inch at full gear, and % inch at mid-gear, a steam lap of H inch and no exhaust lap 
will secure excellent results; but if the engine were never to nm at a speed of over 20 miles 
an hour, an exhatist lap of ^ inch could be used to advantf^e. Most builders of stationary 
engines give so much exhaust lap that a considerable back pressure is caused, and tfa« 
engines can not be nm at high speed, and for two reasons: 1st, that the steam does not get 
out of the cylinder fast enough, and, 2nd, there is not enough cushion to take up the momentum 
of the connections at high speed. An early release and strong cushion ate required for high 
sp^ds. At moderate speed an early release and strong cushion deaden the motion of the 
engine over the centers, and the use of two slide valves, oae on top of the other, was suggested 
by Meyer. A false valve seat was suggested by Rankine, with the object of obta^ing a quicker 
cut offy the seat being moved by one eccentric while the valve was moved by another. In 
this way the effect of an eccentric v, ith greater throw was obtained. The first change suggested 
by Gonzenbach consisted in making the steam chest in two chambers. In the ,one next the 
cylinder, the ordinary slide was employed while the steam came in through openings from the 
other chamber, these openings were covered by a simple slide moved by an eccentric. Thus 
the inlet and exhaust were regulated by the ordinary slide, but the second one cut off the sup- 
ply of steam. As the principal objectioA to this was the large clet^rance spftce left. in the main 
•team chest and the consequent waste of steam, the .Meyer gear became the favoritei - 
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Ans. By turning the cut off valve eccentric forward or back- 
ward on the shaft as the case may be.* 

Fig. 452 shows the cut off valve in its neutral position from which it is seen 
that the valve has negative lap. This may equal or exceed the width of 
the ports in the seat; the negative lap being the distance A, measured 
from one edge of the seat port to the opposite edge of the valve port. 

The principles of the Gonzenbach valve are best \mderstood 
by the application of the Bilgratn diagram. 



no. 453.— Rider vmmble cut off gtar. In tlw ndini cut off gear, the cut off la sltend. u id 
the Mayer gear by varying tha Up. In eortmtructlon. the back o{ the main valve ii hul. 
looed into a part of » cylinder wba*e aiis ii the canter of the riding valve. The lap edgec 
of the ridins v^ve and iteam edges of the main valve are t&pered in auch a manner that oy 
rotating the ridins valve, its lap it changed. Thii rotation ii accomplished by a spindle 
kttached to the eovernor. gearing into a tector oa the valve item. 

Problem. — In a Gonsenbach valve gear the main valve has Hg lead; 
J^ intji port opening, and cuts off at •/» stroke; tlie cut off valve has 
3 ports giving J^ inch port openit^ each. " • a .< 



•NOTE.— The effect ot.th 
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In fig. 454 crank position C, for latest cut off, the center Em, of the 
main eccentric, and lap of the main valve are found in the usual way. 

The lead position is now found by drawing the line LL', through O, and 
tangent to the main valve lap circle. 

At the latest cut off ("/lo stroke), the negative lap circle must be 
tangent to the line OC, and also tangent to the lead position OL. 



LATEST CUT OFF 
^o STROKE 




VALVES IN LEAD POSITION 



!FiG. 454. — ^Application of the Bikn^am diagram to the Gonzenbach independent cut off gear. 
The relative positions of the valves and eccentrics are shown for four crank portions wkkch 
illustrates the operation of the gear. 

Since the cut off valve has three ports, it is equivalent to a single valve 
having three times the port opening and travel. Hence, with radius of 1 J^ 
inch equal to three times the port opening of each port of the cut off valve, 
describe the negative lap circle tangent to OC and OL, which gives the 
position Q', of the cut off valve eccentric for latest cut off. 

Starting at crank position A, and with the cut off eccentric at Q', both 
valves are open to lead; the main valve is at a distance QB, from its neutral 
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position, and the cut off valve at a distance Q'B*. This latter distance- 
being less than the negative lap, the cut off ports are open an amount 
B'M equal to the lead. 

As the crank moves, the cut off ports are further opened, up to position. 
C, where they stand wide open as shown, this being the neutral position, 
for the cut off valve. 

As the crank advances further, the cut off begins to close the port, not 
by changing its direction as in the case of the slide valve but by continuing 
its movement to the end of its travel. Cut off occurs at crank position C. 

The earliest point of cut off is determined by extending CO, downward 
and finding Q' , such as to make the negative lap circle tangent to CO, 
extended, and drawing OC", tangent to the negative lap circle which gives, 
the crank position for earliest cut off. After passing this point expansion 
takes place both in the cylinder and the lower steam chest until the main 
valve cuts off at position OC, where it is continued in the cylinder alone 
until pre-release. 

Ques. Mention the defects of the Gonzenbach valve. 

Ans. In shortening'the cut off with this valve gear admission 
to the lower steam chest occurs earlier and earlier, hence there is 
a point beyond which the cut off valve would admit steam to the 
lower steam chest before the main valve had closed its port to 
admission in the previous stroke, thus admitting steam to the 
cylinder twice during the stroke. 

Thus in fig. 454, if the cut off eccentric be advanced to Q'", the negative 
lap circle will cut OC, extended, indicating that the cut off valve ports were 
open a distance RS, when the main valve closed on the previous stroke, 
thus readmitting steam to the cylinder from crank positions Cs, to Cr, 
during the expansion period of the previous stroke. 

This limits the range of cut off, and in order to secure an earlier cut off, it is 
necessary to design the main valve for shorter cut off. The range of cut off 
is therefore limited. Moreover, on account of the large clearance of the 
lower steam chest, the full expansion due to the cut off is not secured, the 
difference between the apparent and real expansion increasing for early 
cut oflfs. An additional defect is that the main valve is inaccessible. 

The Gronzenbach valve, on account of these objections is not 
extensively used, however, it serves to make clear the general 
principles of independent cut oflE. 
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The Riding Cut Off. — ^The large clearance and inaccessible 
main valve of the Gonzenbach gear are overcome in the riding 
cut off by placing both valves in one steam chest and using the 
back of the main valve as a seat for the cut off valve, that is, 
the cut off valve "rides" on the main valve, hence the name 
riding cut off. 



MAIN VALV£ 



Pio. 46fi.— Ridins cut off valve with outsde cut off edsea. In optratUm the cut oS nlm 
tTBveli or "ridea" on lop of nuin valve, and with fixed Up »» above, leceiveii ill! icovom«nt 1. 
. from R rotating eccentric, that is, an eccentric loosely jouroalled on the shaft so that its 
a n n ul a r advaiu^e msLV be changed to va^ the cut off, under control of: 1, m soranor, or % 
a fixed eccentric with link motian. Tit ridmi cia of mJk vilh outtUt au <tf n(m> (Am 
tuttJuitaUoffiuilhtarlgaitafi. 



ho. «8.— Riding cut ofl valve with inside cut off edges. This atrangemttit harini buU* cat 
tftdia gives quickest ail off vilh lot* cut qfi. 

Fig. 455 shows a simple form of riding cut off. Both valves are shown 
in neutral position, in order to show the positive lap of the main valve, and 
negative lap of the cut off valve. 

The main valve is nothing more than the ordinary sUde valve ha'ring 
steam passages in the end leading to the back which is machined to form 
the seat for the cut off valve. 

Fig. 456 shows a riding cut off valve which cuts off at the inside edges 
of the ports; it necessarily has considerable positive lap. 
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Methods of Variable Cut 
Off with Riding Valve.— 

Cut off by a riding valve may 
be varied in three ways, 
as by: 

1. Variable angular ad- 
vance; 

2. Variable lap; 

3. Variable travel. 

The Srat method emplojrsa 

rotating, or loosely jounialed 
eccentnc for the cut off valve 
whose angular advance is con- 
trolled by a governor. 

The tecond method has a 
fixed eccentric to operate the cut 
off or "lidine" valve, the lap of 
the latter being adjustable by a 
right and left screw. 

The third method employs a 
link to vary the travel of the 
riding valve. 

For convenience, the eccentric 
which operates the riding valve 
is called the riding eccentric* ; it is 
called by some writers the cut 
off eccentric, and more common^, 
though ill advisedly, the ex- 
panswn ec — '— '' 



1. Riding Cut Off; Va- 
IJs.Se riable Angular Ad'rance. — 

The usual range of angular 
advance given to the riding 



'NOTE. — Tha torn riding at 
for th« loowly jounulcd c 

cted to the lidiiig vmlv« to die 

fcom the flied or main tccaUrii wmca 
•ento the nuia valve. The lymbidi Er 
' Em bong tued to reflectively desi(- 
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eccentric is from a little less than 90® up to 180°. The relative 
positions of the two eccentrics are such that the valves move in 
opposite directions at cut off (within limits) for a well designed 
gear. 

The following example will serve to illustrate the features of 
this gear. 



IS CUTOFF 



Vfe CUT OFF 




Fig. 468. — Method of transferring crank positions determined for given cut o£F. In order not 
to complicate the Bilgram diagram all unnecessary lines should be omitted, hence the crank 
positions for given cut offs are best determined in a separate diagram as in fig. 467 and then 
tran^erred, as above. In the figure draw a horizontal fine, and with radius "O D. of ^. 467, 
describe the semi-circle D B P G. With D. as center, and radius ^distance D to E, of ng. 457 
describe an arc cutting the semi-circle at B. giving crank position O B, for Vt cut <«. A 
similar construction gives O P, crank position for ^ cut off. After locating O B and O P. the 
semi-circle and radii D B and G P, should be erased leaving only the honxontal line and the 
two cut off positions O B and O P, to be used in the Bilgram diagram fig. 469. 



E'/5C,0. 



F^^C.0 



0UT3I0E 
LAP 




ANGULAR 
OVANCe 



PORT OPENING ARC 



Scale: full size 



Fig. 469.— Bilgram diagram for main valve. Here the lap, an^lar advance, and travel are 
determined for H cut off and H port opening as explamed m the accompanyins text. 
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Example, — Determine the dimensions of & ._ . „„ „, 

the following requirements: maximum cut oB % stroke; lead Jli i_., 
ports, Ji in.; port opening not less than J^ in, for any cut oS up to V& 
stroke. Bridges \^ in. ; connectii^ rod ratio 2J^ : 1. 

1. Find crank poHtion for ^ and % stroke as in fig. 457; 



Pics. 460 and 461.— Detail of miiin valve and seat. On A B, lay o9 the stum port C E- 
K in., the port opening C D-M in., and the bridge EF-M in. Sketch in valva end in 
eitreme position. D. will be the Eteam edge. Lay off DH-M in. and drair DD'.and 
H H', Giving the steam pasaaffe through the valve. This is usualiy made aame aixQ aa the 
port to reduce friction. 1 1', the end of the valve is located far enough beyond H H' togivB 
■ ateam tight joint, aay K in. Locale C, the eihausl edge of the valve, so that D 0-laP+ 
torl-% in.+Kin. The edge G', of the bridge is so located that GG'-CE. The center 
line O O, is now drawn half way betvean F and G', Transfer the detail of valve ehd thus 
tound to A' B% showing it in neutral position, and complete the vaXve and scat as shown. 



With radius O B "H in. port ope 
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idbytiMltfi, 

lap iirde tangent to cut oS 
line O P. lead line and port 
opening are B D. Q L, then 
- outilila lap. and Q -halt 
the tbiow, 0[ eccentricltr. 



S. Determine fron 
456 displacement of 
vahefor crank position O E, 
and dram valve in 
position as in fig. ^2; 



this 



Pig.*82,rfio 

poaitioi:! of the 
when the cran 



■Die crank and eccentric 
pontioii correBpoodine to 
that of the mstn valve an 
■howD Bt the light. 

It vill be observed tliat 
the valve ia practically fnUr 
open and about to chann 



the riding valve 



Urn 



In 6t. 4S0, the main 
valve for crank j«»it»oa OH 
O/i cut o«) « ifi^dual tin 
distance M, or iti annal 
ff M'. Now. if tha ntiat 
valve bad cero Up, tbe main 
vnlve port wmld ttill ba 
covered by the diatance 0* 
M'. Hence, if cat off ia to 
"?™^ ■' O ? {'/iMrofcol, 
the nding valve moat ha*« 
a muMtthj, tuatl to O* M'. 
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6. Determine if the port opening for % cut off he not less than the limit 

Pig. 462 shows the positions of the two valves at Vs cut off» their centers being 
displaced a distance Cr Qn. If the crank be rotated backward, the ix>rt will be opened 
by a mov^nent of the main valve to the left, and a movement of the cut off valve to the 
right. Hence, for position of H poi^ opening the crank most be rotated backward 
until Cy, reaches the position C'r, with respect to Cm. such that C'r Cm "Cr Cm — H 
in. This position is obtained as in fig. 464, the valves and positions of eccentrics beixi^ 
shown in fig. 463. The figure shows that the port opening C D, of the main valve is 
less than C' D', of the riding valve by an amount equal to D D". At no point of admis- 
sion does the port opening become ^" because, as is evident, if the crank be turned 
backward the main valve closes; if forward, it opens, but the riding valve closes, hence, 
the design must be modified to obtain not less than >^" port opening through both 
valves. 




^>16P.0.- 



.(ORIGINAL TRAVEL) 
lOF MAIN VALVEJ 

•TRAVEL FOR >Ms P.O. 



Scale: 
half size 



Pig. 465. — Bilgram diagram for modification of main valve and riding eccentric setting to 
give H ui' effective port opening for Vs cut off. The diagram is constructed in the usual 
way giving 0. for the modified main eccentric, and the new lap circle. Through Q,dTSi^ Q T, 
parallel with Vs cut off crank position O E Vs C. O. If the original negative lap of the riding 
valve be retained, its travel will remain the same but the angular advance will be slightly- 
changed. With radius = the negative lap and center on the smaller travel semi-circle, describe 
an arc tangent to T, giving Q', the new position of the riding eccentric. Por position 
O E V» C. 0., the main vtuve is £splaced a distance A, hence the riding valve to cut off at 
this point must be displaced this distance minus its negative lap that is A — 0' N, or 0' A'. 



7. Modify design for }4 *«. port opening at % cut off; 

This may be done by re-designing the main valve for a larger port opening, say 
u/ie, as in figure 465. 
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The diagram, &^. 470, gives the displacement of the viilves for the two cut offs, 
and figs. 471 and 472. the crank iKwitions for |^ port (^pec^ilg of thetiding vtdve for the 
H ftnd ^ cut off settings of tile riding eccentric. 

Figs. 473 and 474 shoiir the positions of the vaives corresponding to<the' }i and ^ 
cut off respectively. 

' Fig. 473 indicates that the later cut offs are ^^aluggish',^' the valves 'traveling in 
the same direction at almost the same speed. Prom the positions of the eccentrics 
shown at the right, evidently, the main valve is traveling the faster, hence the riding 
valve will reopen the port, but as the main vtlv» ct4s off at this point, re-admission win 
not occur. 

Fig. 474 shows a sharper cut off at yi stroke. Here both valves are still traveling 
in the same direction, the main valve bong almost staitionary while the riding valve 
is traveling at about maximum velocity. . 



EtfeC.O. 



E^CjO. 





Scale: futt »tze 

Pig. 470. — Diagram for Vi and H cut off of the riding valve. Bvidehtiy for any cat off, the 
displacement of the riding valve is equal to the displacement of the main valve lest the negaUvs 
lap cf the riding valve^ Hence, describe an arc about Q, equal to the negative lap Q A', and draw 
a tangent parallel to the given cut off position of the crank, cutting the riding travel cirde. 
Thus, for B i^ C. O., the main valve is displaced a distance A. If the nding valve it 
to cut off at tms point it must be displaced from the main valve an amount equal to its ne^ 
ative lap, or A', that, is, it is displaced a distance A A', on the other side of me neutral axis 
corresponding to O Cr, in fig. 473. The tangent throufi^ A'.jsives 0', the corresponding position 
of the eccentric. Sinularly for H cut off. O B, is the displacement of the main va^, bxA 
Q B — B', or B B', displacement of riding valve, Q'' being the correroonding center of 
ue eccentric. Here B B , ciirresponds to O Cr, and B Of to O Cm* in ng. 474. 

Fig. 466 shows a still sharper cut off at Vi stroke, the valves in this case movioB 
in opposite directions, the main valve being almost at rest/ and the riding valve, at 
maximum velocity. 

Figs. 475 and 476 show position of valves for H ^* Vp^ ^SS*^^ ^^ ^^ riding valw 
for the J4 and H cut off settings of the riding eccentric. The port opening of the 
main valve in eachcanbeai^ggreattf than ^ in. but less for H than for H cut <n^ - ,; 

3m Test for over travel of the riding valve; 

Pigs. 473, 474 and 469 show that the earlier the out off, the greater tiie angle be- 
tween tile two eccentrics. In other words the shorter the cut off, the greater the travel 
- «f the riding.valve with respect to tiie mainvalve regarding the latter a& ststionaiy* 
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H«nce, assuming no overtravel of the riding valve with respect to the main valve, at 
latest cut off, it is desirable to know at ^mat cut off overtravel b^ji^is, because the 
constant rumiing of the engine with undertravd would cause the riding valve to wear 
a "shoulder" on the main valve, causing leakage and perhaps a knock at short cut off. 
Unless there be overtravel for cut offs near the working cut off (Vs in this case), the 
design should be further modified and the range of overtravel made as great as poenble. 



e:% c.a 




Scale: full size 



E>fe"P.O- 




Scale: full «ife 



Figs. 471 and 472. — ^Diagrams for obtaining crank positions corresponding to H in. port 
opening of the riding valve for % and ^ cut off settings of the riding eccentric respectively* 



Regarding the main valve as stationary, the travel of the riding valve on the main 
valve may be regarded as obtained from- an Imaginary eccM&tiic of stick threw and 
angular advance as ta dupHcate the movement of the riding valve with respect to the main 
valve as obtained from the two eccentrics; such imaginary eccentric or radius is called 
the virtual eooentric, from which the cut off swltiiig at which overtravel begins is 
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ariy, the H tmvel of thn riding vilve < 
dint mltv-FwidU of llu titd bridii of lA. 



euily obtained. For thiA Betting, c 

u in fi^. 477. the two vilvea liemg Sown in thi position at whidi over travel b^ni, 

ths twoeccentriccenten.Qind 0', in^Bilgnua diasnun will tie dispUced b distance 
equal to CrCm, oi A+B in figs. 477 and 478. D\ in fig- 470 then is the tadiua or 
throw of the nrMoJ tccailric. 



figure, being, aa ind 
for cut aS later thai 
modified to increase 
of the riding eccenti 

10. Locate the seal limit; 

This is done bv the aamr method ai expUined on page 286. fig. I 



iKiBfin lap +md bridgi vidlk. Fig 4' 



to the steam, hence the sharler the loigth of the seat the less the load on the valve due 

Features of Riding Gut Off with Variable Angular Ad- 
vance. — ^A study of the example just given will show certain 
characteristics of the gear which are in brief: 

1. Increasing the angidar advance of the riding eccentric shortens the cut off. 
i. The cul off is "sluggish" for late cut off, increasing in sharpness with 
the degree of expansion. 

3. The effective port opening decreases as the cut off is shortened. 

4. The virtual travel increases as the cut off decreases. 
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Figs. 479 ftnd 480. — AnplicBtlon of BOcmii dingram for JcUrminltii ihI of leliinf o/ rHiit «'>< 

truiaferrsl from 465, beinc here drawn on aame aode iLS the valves. With Q, as ceoter 
.nil ™1m. m, ml lo A +B, in fig. 477. describe an are cutting the riding eccentric travel circle 
listhe virtu^eccffiitricfor «iDOvertnvel. DrawctankpoiitionO E.iiei^ 

sition V'hea the valve ends are luie 
istaneeCr Cm -0 0'. beiig called 

TitM a 6ista<uiiQ<ialu>l)ic\»Utthaf the md bridge. Heiiceinfig.4Tg,OQ00'.Uvoff CB- 

widlb of end bridge, and with 0, as ccnler and - ' " " " -" "- " *- 

0'. atangent to this arc Q' T. and O E', paralle 

cut off coTreaponding to zero avertraveL. Utili: 

circle, in canntction with the dotted line constiuctkon id tne leti. ine piston poBiuon cor- 

ropondi to O E'. is found U be U stroke, the deaisii giving oveitravel lor cut oS not later 
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NE6AT)ve LAP 



— Tliertrnuil •ccantric. By dofinitkni; the virtual eect 

Inary tccentric of such Ihrow and anguiar adocnce that if keyed to the main shaft and con- 



\4TiaingvaloetW<ndd 



The diatneter of IhLa ci 
cut off at o £'. evideal 
negative lap. Hence, 



has vfhen botJi waives are mating, Yig. 482 showB both valve 
rram fig. 481. E' is the crank position □( cut off foriero 
C^g. 479 - Cr Cm. fig. 4S0> describe h circle whose 



iniiic lap. and project di 
n 13 the center of the vin 



j eccentric, and ita eccen 
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Rldlnft Cut Off; Variable 
Lap. — This method of riding 
cut off is known as the Meyer 
gear, and is largely used in 
marine engines. The riding 
valve is operated by a fixed 
eccentric, and the cut (rff 
altered by varying the lap oi 
the riding valve. 

The gear consists of a main 
and riding valve, the latter 
divided into two plales or blocks 
connected by a right and left 
handed screw, the screw serving 
as a valve spindle and as a 
means of varying the lap. 

The riding eccentric is fixed 
and usually has a throw 
greater than the main eccen- 
tric. Its angular advance is 
90" for reversing engines, and 
a little less than 90° for 
engines which run in only 
one direction. In this gear, 
M as in all riding gears, cut off 
takes place when the riding 



[GS. 484 to 487.— DeUU oi valve eodi villi 
tiding vbIvb at end of viitiul tnvd, 
showing undcTtrKvcl for J4 ^^^ H cot 



offt, vid Qvertravel for 



rs coTTopondina 
e at one end (■ 
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valve is at a distance from the center of the main valve equal to 
its lap, that is, when the steam edge of the riding valve is line 
and line with the steam edge of the bridge of the main valve. 
The following example will serve to illustrate the features 
of the Meyer gear. 

Example. — Design a Meyer valve gear for an 8 X 10 marine ennne 
suitable for the foUowing conditions of operation: Speed 300 R. P.M.; 



E^^bC.O. 



E'/bCO. 




Scale: full size 



Pig. 488. — ^Bilgram diagram for main valve of Meyer cut off gear, showing method of locating 
the riding eccentric to avoid readmission as at Q'. If p', be located above X, a line drawn 
perpendicular to latest cut off O £ "HC. 0„ re-admission will not occur. 

lead 5^8 ; cut ofif range H to J^, by riding valve, main valve cut off J4; 
connecting rod ratio 2:1. 

1. Find area of steam port; 

For a steam velocity of 6,000 ft. per minute through steam port. 

area piston X piston speed ^^ 

area« ^ ^^^ ■ — ' ........ \ / 

6,000 

area piston - .7854 X diameter* » .7854 X64 -* 50.27 s(],., ins. 
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piston speed - 2 X — X300 - 500 ft, 

substituting in (1) 



S. Find width of steam port; 

width=area+length. . 



— DetRil of trial main valve and teat for Meyer cut off. On A B, lay off the 

_ii / :_ .1. . ~— i^g CD- width of port +H -■fAic, uul the bridge 

— "-»• aa in fig. iW. T>, will be the .team 



of port ^"^ in., and dfaw D D' and 
rfH'-l "- - • - - ■ *■ 



height of eihault cavity +thicltneas of metal ovkt 
_< WW r_ -nt^ -iteampasaage through valve ia usually- 
far enough beyond H H^to give a ateam tight joint, uy M in- Locate G.the exhaust 
edge of the valve, »o that D G-imliide laf+potl (for kto imiide Up)"''^+"^-i'^ 
TheedgeG', of the bridge ia so located that GG'-CB. Th e center Imo O O. u now drawn 
half way between P and G'. The center linn r,». of tKf> vhIup 14 now livatAl At a diatAn^^i 
■ * right of O O -ont~ltalf Iraxl tf m 
' ■ -a the valve and seat compb 
it licoit ia later explained- 

Call length .8 of cylinder diameter -.SXS -0.4. say, fl.S ins., tbed >abatitutinsi& CO 

width-4.19+6.5-.64,say .69 or lift. 
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$• Design main valve; 

The crank position for }i cut off and Bilgram diagram are constructed in the usual 
way from the given data as in fig. 488 and the main valve shown in detail in figs. 480 and 
490. The j>ort opening is made a little larger than the port (>^ in.) so that the effective 
port openmg at short cut off will not be too smaU. 

4. Determine travel of riding eccentric; 

Since the engine must reverse, the angular advance of the riding eccentric is made 
90*^ hence its center O', in fig. 488. will be on the vertical line through O. To fpsuad 
agamst re-admission Q', must be located on or above the line X, drawn pexpendicukr 
to O B, HO, O.. the latest cut off. 



ilH&co. 



El?feC.O, 




Scale: fuUMize 

Pig. 491. — Diagram showing laps for various cut offs of Meyer cut off gear. 



to 



If 0', be located on OX (fyt, 489,andtlieridingvalvebe^venaa«atfv«li9 
0' 0» >t win cut off and immediately re-admit at crank position O B (>% C. O.). 



li^ equal 



If the center of the riding eccentric be located at Q", below Q X, the riding valve 
will cut off and immediately admit again when the crank is at O B', h^ore cut off oy the 
main valve, thus disturbing the steam distribution to the cylinder; hence, the im- 
portance of correctly locatixu the riding eccentric, in this case giving it sufficient thxoWt 
the angular advance being fixed. • 



5* Find lap for earliest }4 cut off, and for kUest cut off; 

Since both eccentrics are fixed Q and Q', in fig. 491 remain the same as in fig. 488. 
In fig. 491, draw crank positions for }4 &nd J4 cut offs, and through Q, a line iwrallel to 
O bH C. O. 

The small lap circle at Q\ tangent to the line parallel O B H C. O., gives the posiUve 
lap for H cut off. For J^ cut on, the main vaive is displaced a distance A, on 
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„ ,„ ,, ,.. , ,„-,. _-_, ^,--'- Tb* arc <lHicribed mboutp". 

and tanoBnt to a line O T, throuffh O, paialtel tc " " " '^ 
(0'A-)lof Jicutoff. 



S, Determine luidth of ridi»£ valve blocks; 



For rhortnt cut og llu Mocki are farlhttt apart, herme t 
irtual half travel must be cmsidered in determimng the width, 
It off, width of Uocla-laf+aidlk o] fori +virlual half Irani +i«u 



m edge of bloclc, lay off to the right the ponlivt 



Fig. 492.— Method of finding width of block of Mey- 



and seal, makins the latter ea 
block. 

7. Modify steam passage of main valve to permit lap adjustment of blocis; 

In fifi. 493 first draw the block of length jiMt found. From the inner end I, of block 
lay off positive Up f or M cut off and nwative lap for >j cut off, as shown, thus localiiig 
the center line O O, of the riding vslve fbr H cut of! Betting. 



Draw main vslve referred to O O. and lo< 
throorii the main valvE. The ateam passaee in 
at H' D'.as in the preliminary design, must be eu 
to pennit negative lap adjurtment tor lale cut off 
from the (team edge L. of the block equal to tta 
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8* Determine characteristics of the gear; 

Construct diagram, fig. 494, showing valve displacements for 9^, ^ and M cut 
offs, and diagram, fig. 495, showing valve displacements at middle of admission periods 
for %t yi and }i cut off settings. Prom these diagrams one half section of valves are 
drawn m position corresponding to the cut offs, and mid-admission i>osition8 respec- 
tively as m figs. 496 to 498. 

The figures show that the sharpness or rapidity of cut off increases as the cat 
off is shortened, the valves moving m the same direction for j^ and ^ cut off, aod in 
opposite directions for H cut off. 



E % CO 



E '^^ICO. 



E. % C.O. 




Scale: half size 

Fig. 494. — Valve displacement diagram tor HtH and H cut oft. 



Cut off 
positions 




Mid'Odmiaaion 
positions 



Scale: half size 



Fig. 496. — Valve displacement diagram for mid-admission crank positions O E, O F, and O G 
corresponding to %,}^ and % cut off respectively. 



Figs. 499 to 501 indicate that for mid-admission positions, the effective portopening^ 
is greater for the ^i cut off setting than for either the %ot% cut off settings. 

The reason the port is not fully open in fig. 499 is because the port opening of the 
main valve exceeds the width of the port. Hence in such case the steam passage 



VARIABLE CUT OFF 



Scale: half alxe 



VARIABLE CUT OFF 



a Afld CTLnlf for mid-b 



VARIABLE CUT OFF 



far H cut off, aa by observing the positions of the eccentnca, it will t 
greatest opening occurs just after the mid-admission pc^iiion^ The sm: 
here obtained at early cut off will indicate the necessity of designing 
for large port openings fvhere the engine ia to be worked_at early cut oC 

Scale: half tixe 




VIRTUAL HALF TRAVEL 

)3. — Detail of valve end tsd diacnm lea finding cut off settias of the bloclB 



9. Test for overtravtl; 

Draw one end of main valve as in fig. 602. Lay off. tram end ot vnlve, A B -K 
virtual travel, then C D, ia the negative lap setting tor lero overtravel. lo the diagram 
fig. 503. describe the negative lap circle with radius Q'A-'C D.in Rg. 602. I)iaw 
taneent QT. and crank position OBq. parallel to OT; Uien O Bo.iscut off aettingfor 



Pic. G04.-^eat limit for Meyer main valve. 



10. Locale seat limit. 



Drew end of valve m eitrema position or at the end of Eta trevel u in fis. BO*. 
Prom the exhaust edge G, of the vidve, Uy ofC the se^ GS. ny H inch, xivuc tha 
point S. which LB the seat limit* 
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Features of Riding Cut Off with Variable Lap. 

From the example just given illustrating the design of Meyer 
gear for a marine engine, it will be noted that: 

1. Increasing the lap of the riding valve {that is, moving the blocks apart) 
shortens the cut off; 

2. The cut off is *^ sluggish" for early and late cut off, hut somewhat improved- 
for intermediate cut offs; 

3. The effective port opening decreases as the cut off is shortened; 

4. Where very early cut off is desired, the main valve should he, designed 
for large port opening, to secure adequate effective port opening at early cut off; 

5. For reversing engines, the angular advance of the riding eccentric should^ 
he 90° to secure symmetrical distribution for both, forward and reverse motions; 

6. For engines running in only one direction the angular advance of the- 
riding eccentric is usually a litUe less than 90°; 

7. Re-admission is avoided by the proper location of the center Q', of ther 
riding eccentric; 

8. The length of main valve may be reduced by shortening the latest cut off^ 
of riding valve. 

Riding Cut Off; Variable Travel.— This method of variable 
cut off is shown in fig. 505 to 512. For illustration and com- 
parison the main valve of the Meyer gear shown in fig. 489 is used 
with the same travel and angular advance. The maximum throw 
of the riding eccentric is made the same as for the Meyer gear. 
The amount of lap to be given the riding valve will depend on. 
the earliest or latest cut oflE and angular advance of the riding: 
eccentric. 

Taking Ql, fig. 506, for latest cut off with angular advance a little less- 

than 90®, then if the earliest cut off is to be say, zero, the negative lap 

necessary is equal to the lap plus the lead of the main valve, because a line 

Q A, through Q, parallel to crank position (E.O.C.O.) is above at a distance 

^lap-\-lead. 

The radius of the negative lap circle thus is equal to lap -{-lead of main 
valve. 

For latest cut off, describe a n^ative lap circle through Ql, and draw 
tangent QT. A line Qo E.L.C.O., parallel to OT, gives crank position, 
for latest cut off. 
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id pOAltioiU of T»tTB*, 



VARIABLE CUT OFF 




Tiaa. 600 to G12. — Bi^iHm diagram and potitiona 
adouiBiou coneiponding Co latest, one-atxth add i 
openiilff^ The diagrams show the gradual reducti' 



-fourth cut offs. ahowing effective poit 
[n port openioe u the cut oS u short- 
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For K cut off, draw QB, parallel to OE }i C. O., and describe a second 
lap circle tangent to QB, and center on line QoM, giving the eccen- 
tricity Qo Q'^4 for }i cut off. 

Figs. 605 to 608 show position of valves, eccentrics and crank for latest, 
}4f and zero cut offs. By observing the position of the eccentrics, the 
quality or sharpness of the cut off may be judged. 

In fig. 609 QoE, QoF and QoO, are mid-admission crank positions cor- 
responding to cut off settings of latest, J^ and J^ cut offs respectivdy. 

The valve positions correspoading to OoE, OoG, and OoF, respectively 
are shown in ngs. 610 to 612, from which it will be noted that the effective 
port opening at mid-admission position rapidly decreases as 'the cut off 
is shortened. 

Features of Riding Cut Off with Variable Travel. — 

A study of figs 505 to 512 indicates the following characteristics 
of this gear: 

i. Reducing the travel of the riding valve shortens the cut off; 

2. If the range of cut off be up to zero, the negative lap must be equal to lap 
plus lead of the main valve; 

3. For given angular advance and travel of the riding valve, latest cut off 
depends on the lap of the riding valve; 

4. The effective port opening decreases rapidly as the cut off is shortened; 

5. Sharpness of the cut off decreases as the cut off is shortened. 
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CHAPTER 7 
MODIFIED SLIDE VALVES 



Balanced Slide Valves. — Since the common D slide valve is 
only adapted to moderate steam pressures, it is necessary where 



Pic. B13,— The Richardson balanced slii 
valva » M to bear against a plate P, 
-»-~mVfhich might le-' • "■- 



high pressures are used, that there be some means of balancing 
to prevent excessive friction and wear. This is done by ex- 
cluding the steam from the top of the valve so that its pressure 
cannot be exerted in a direction to press the valve against its seat. 

Fig. 513 shovrs one method of accomplishing this. The top of the valve 
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is provided with packing strips which bear against aplate P, attached to 
the steam chest cover, thus making a steam tight joint. The packing is 
fitted in steam tight grooves, and held in contact with the plate by springs 
underneath. By this means steam is excluded from the space between the 
packing. A hole Q, allows any steam which may leak past the paddug to 
escape into the exhaust cavity V. 

The seveml methods used in balancing valves will be illustrated in 
describing the different types. 

Piston Valves. — This type of valve consists of two pistons 



Pig. 616.— Piston valvs 
with GoitrAlpaHa^ IftAd- 
ing to lower port. This 



stoBm pipe muit be dis- 
upper valve cover. 



which cover and uncover the ports in precisely the same manner 
as the laps of the plain slide valve as shown in fig. 514. 

A and A', are the pistons which are connected by a central 
tube T. The valve works in the short barrels or bushings B, and 
B', which form the seat. • 
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The annular openings O and O', around the ports form the 
steam passages leading to the cylinder C. The valve is made to 
work steam tight by means o£ the packing rings shown in black. 

The barrels are perforated with numerous openings as S, 
through which the steam passes. The bridges thus formed permit 
the valve to work back and forth across the port without catching 



Flc. BIT. — Double admission piston valve. An aanukT supplementary ateam passage A, which 
sets in the same way as thf Allea supplcmentaty pMSOge, gives Che second admission. The 
valve is of the inside admisaioQ type- 

or jamming as would otherwise be likely to occur especially on 
account of the tendency of the packing rings to spring out into 
the ports. 

Fig. 517 shows a double admissiont piston valve. The prin- 
ciple is similar to that of the Allen valve. 

An annular supplementary passage is provided which gives a second 
admission. Steam is taken £rc^ the inside and exhausted at the ends as 
indicated by the arrows. On account of the surface cut away by the supple- 
mentary jx)rt, double admission piston valves are seldcm provided with 
packing ni^. 



L 
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The Armington and Sims valve is of the double inside* ad- 
pistxjn type; instead of the annular passage as in fig. 517. 



A double portedf piston valve as used on the Ide engine is 
shown in fig. 518. 



Fio. 618.— The Ide doubla ported vi 
C; eihauBt paaiea through the vol^ 



giving double admission, but only one opetiMt l" 
entenntf the steam passa|f« throuj^ the porta fi am 
the eiuM of the cylinder. 



The piston valve is especially adapted to compound engines 
having the pistons working in unison (as on four cylinder loco- 
motives) or having the cranks 180° apart. In either case one 
valve is sufficient for the two cylinders. 



•NOTE.- 
9iDc« with ineic 
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i, cODnsctiiig ring; F, F, wall liaga; 



lodicated by the ai 
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As applied to locconotives, with pistons working in unison, 
the arrangement of ports, etc., is shown in fig. 520. 

Live steam ia admitted to the high pressure cylinder at the ends, and 
exhausted through an adjacent port in the valve, from which it passes 
through the valve to an admission port at the opposite end for the Ion 
pressure cylinder. The final exhaust passes only tiirough a central depres- 
sion and passage; the course of the steam through the engine is shown by 
the arrows. 

Fig. 521 illustrates a valve for a compound engine with cranks 
at 180', 



The central part of the valve or seat is surrounded by steam which is 
admitted through an annular port to the annular valve space, which con- 
nects with the high pressure cylinder as shown. 

The valve has just opened for steam to the upper end of the high pressure 
cylinder, and the exhaust from the lower end is just entering the low pressure 
cylinder, while the low pressure exhaust is escapir^ from the upper exhaust 
chamber. 

The steam distribution is ^eg^l]ated by five ports: The central port 
admits and cuts off steam to the high pressure cylinder while the exhaust 
from this cylinder passes through its steam ports to the steam ports 
of the low pressure cylinder located at the ends of the seat. The eibaust 
from the low pressure cylinder is controlled by the outer edges of the valve; 
at the upper end the exhaust passes throi^h the valve as indicated by 
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Tic 5Z3. — Scctkmsl view of Chs Reevn con 
of piiton valvH. The high pressuTft valsn 
^stributing the itesm as exhausted froi 
cylioder. The arrowB show the course of 



.saiiLg through tt 



ftc. 521. — Reesa double ported adjus 
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Steam is admitted to the high pressure cylinder by a piston, valve having 
. internal admission and which acte as an adJnissiDn valve only, being under 
control of the governor. The exhaust from this cylinder, and the compres- 
sion of both cylinders are controlled by the main or central valve which is 
operated by an eccentric with a fixed travel. 

It is obvious that any change in travel or cut off of the admission valve 
will not effect the cut oS in the low pressure cylinder, therefore, changes in 

load and consequent cut ofE does not cj ' ' '" """ 

usual type of compound engines. 



Pio. G3S. — BskncinB cylinder (B), for balanciiiB the weight of large heavy vulvw. 

On large vertical engines, provision is sometimes made to 
balance the weight of the valve and thus relieve the valve gear 
from considerable friction and wear as shown in fig. 525. 

An extension S of the valve stem is connected to a small piston A which 
works steam tight in a cylinder B. ITie upper end of the balancing cylinder 
does not admit steam, so that the steam pressure acts upward on the 
lower face of the small piston and balances the weight of the valve. 

The Double Ported Valve.— The difficulty of obtaining suffi- 
cient port opening for high speed engines having cylinders o£ 
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large diameter and short stroke is overcome by providing double 
steam ports and constructing the valve to open them in unison 
BA shown in fig. 526. It is equivalent to two plain slide valves — 
a long valve V, superposed upon a short one V, each having equal 
steam and exhaust laps. 



tia. KtS. — Double ported ilide vsIvb. There ore two openings at each end of the cytindar 



hauit with the chest. 

!r valve V, is similar to a plain slide valve except that there is 

ition between its exhaust space £, and the exhaust space E', of 
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the outer valve. The two valves fonn one casting; ste&m is supplied to 
the inner valve through the passages S and S', which communicate with the 
steam chest at the sides of the valve. Each steam passive to the cylinder 
has two ports A, B, and A', B', and each port is made one-half the width 
necessary for a single port ; hence, the travel is only half that required for a 
single ported valve having the same area as the port cpening. The valve 
is balanced by means of an equilibrium ring R, fitted to the back of the valve 
as shown. 



Pig. 528.— Pressure plate valve of the LeSel eng!ne. The object of the plate C, is to relieve \ 
Ji.io-..» ^,^^, u t' _.i.i.k . -..^ .t. 4.i,:„i_.!„ „t r^„ ..,1™. i^j plali- —''■ ■•'■ ■ 



A plate are assembl 



fine the valve double pait«d- The di 



Pressure Plate Valves. — Most automatic cut off engines of 
the high speed type are fitted with valves having two faces, and 
which provide two, three, and in some cases a greater number of 
port openings. 
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The usual construction is shown in fig. 528. The valve A, 
consists of a long thin rectangular plate which works between 
the valve seat B, and the pressure plate C. This forms, in fact, 
a second seat having depressions E, F, G, corresponding to the 
steam and exhaust ports E', F', G'. By means of the rectangular 
openings in the valve, steam admitted to the ports in the pres- 
sure plate passes to the ports in the seat B. The valve is there- 
fore double ported. 

The pressure of the steam on the back of the plate is carried by two 
projecting strips or distance pieces H, and I, which correspond to the thick- 
ness of the valve, thus relieving the latter from the pressure o£ the steam. 



Pic. 529.— The Sw«t pnsBure pUt« vi 
of the (team preaaure. Tliia ii s do 
thrcnigh the pasuBe A. A separate | 



cyUnder. 

;wsM, and N, the ports in thepressure plate 



Fig. S29 illustrates the Sweet valve which embodies all the 
principal features of valves of the pressure plate type. 

It is a double face valve, steam being admitted at the extreme ends of 
the valve, there being two steam edges at each end giving double port 
opening, as shown by the arrows. 

The pass^e A, conveys steam from the shallow recess in the pressure 
plate to the main port. 



MODIFIED SLIDE VALVES 



a. 830. — SwBet valve and valve stem, showing valve assemliled in valve chest of Ames enmni 
Bjid parte diuembled. The valve mth Btem, straps aod pressure plate as used oti tbe Am< 
eagme. The valve cansiiti af a rectangular casting accurately finiihed to exact tfaidmeii 
it aperatea between the seat and pressure plate which it maintained at the proper diatajv 
[rom the seat hy the two strip! of iron. The pressure plate ia held in position by two fli 

il forced from its Beat, fjlowing the water to pass directly to tlw eihauat pipe. 
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The chief object of the exhaust passage B, is to secure a quick opening 
and dosing of the exhaust, so as to avoid wire drawing. After the exhaust 
t off, part of it is compressed and retained in this space before hve 

n enters the port " ,—..., 

with the expanding si 

The projections D, D', are for the purpose of protecting the finished 
surfaces of the pressure plate from the cutting action of the exhaust steam. 

In fig. 531 is shown the Woodbury valve which combines the 
steam featiares of the Sweet, and Allen valves, giving four port 
openings to steam, and two to exhaust. 



Ktinff B uid F; tbil 

The openings A and B, act in the same way as those of the 
Sweet valve. 

A supplementary passage is provided along each side of the 
valve, and connects the steam passages E and F. 

This passage is shown by the dotted Unes and is similar ia its action to 
the supplementary passage of the Allen valve. The quadruple admission 
and double exhaust are indicated by the arrows. 



A valve which takes steam at the inside instead of at the ends 



d 
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is shown in fig. 532, which illvtstrates the valve, and used on the 
Armstrong engine. 

This valve gives four openings to admisaon as indicated in the figure. The 
steam pressure tends to lift the plate P, and it is therefore held down on 
its seat hy means of the bridle B B. 



Pig. (32. — The Armslnrng pressure plate valve. 



Pig. I>33. — The Rice pnaaun plaM valve. Double Bdmiasion and eihaiut. Che sdmission being 

Another valve taking steam from the inside is the Rice valve, 
illustrated in fig. 533. 
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A modification of the telescopic piston and cylinder of the 
Rice valve is embodied in the design of the Ball valve as illus- 
trated in fig. 534. 

This valve consists of two overlapping cylinders A and B, having parallel 
valve faces at the outer ends. Steam is admitted to the interior of the 
valves which presses each face against its corresponding seat in the steam 
chest. The admission is therefore inside, and exhaust outside from which 
it passes to the exhaust pipe at the bottom as indicated in the fi^re. The 
only unbalanced area is that portion of the steam ports which is opposite 
the cylindrical part of the valve during the exhaust period, the valve being 
so proportioned as to leave sufficient unbalanced pressure to secure a dose 
contact between the working faces. 

A flexible joint is secured with the valve stem by means of the two fingers 
C, D, which engage in a grove in an end piece attached to the stem. 

The valve seats, ports, and steam passages are more clearly shown in 
fig. 535, and the valve in fig. 636. This valve adjusts itself to wear and has 
favorable conditions for a permanent, steam tight joint between the two 
cylindrical parts; it has the disadvantage, however, of a rather large 
dearance space and indirect steam passages. 
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CHAPTER 8 
REVERSING VALVE GEARS; LOOSE ECCENTRICS 



There are many conditions of service where it is frequently 
necessary to reverse the motion of the engine, as in the operation 
of locomotives, marine engines, traction engines, etc. Numerous 
valve gears have been designed by which this is quickly and 
easily done, moreover in most cases a considerable range of 
expansion is had by working in the intermediate positions. 

The simplest method of reversing an engine consists in 
rotating the eccentric around the shaft until it has the proper angular 
advance for reverse motion. This operation is shown in figs. 637 
and 638. In both figures the crank is shown in its mid position. 
The corresponding positions of the piston and valve are shown 
directly above. 

In fig. 537, the eccentric is set to run the engine ahead. To reverse the 
engine the valve must be moved an equal distance to the left of its neutral 
position so as to admit steam through the right instead of the left port. 
This is done as shown in fig. 538, the eccentric being rotated through the 
arc E E', making the angular advance A' OE', the same as A O E. This 
gives the valve the same linear advance to the left and opens the right port 
which reverses the motion of the engine.* 

A simple application of this principle is shown in figs. 539 and 540. 

The eccentric E, is loose on the shaft between a fixed collar G, and a 
hand wheel H. A stud projecting from the eccentric, and passing through 
a curved slot in the wheel, can be clamped by a hand nut F. 



•NOTE. — It should be noted that in the absence of indirect rockers, the eccentric is 
always placed in advance of the crank, that is, ahead with respect to the direction of motion; 
hence, the direction in which an engine will nm is easily determined by noting the eccentric 
position. 
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Whes r unn ing forward with the crank at C, the ecceatric center is at E, 
and the nut clamped at F. 

To reverse, steam is shut off, and when the engine stops, the nut P, is 
loosened, then moved to B, and clamped. The length and position of the 
slot is such that the angular advance A O E = A' OE', when the hand nut 



Figs. S37 and 638.— Simple method of reversing an engine. By rotating the eccentric on the 
shaft so thst it will have a reveTse angul&r advance A' OE' (fig. 5381. equal to the forward 
anmlar advance A O E <fig. 5371. the valve will be moved from M to M', and the engine 
wiUrunin the revene direction. The arrows ahow the a' j'-^-m.....-_ . 



The tisual method of rotatiog the eccentric to 
maxine engines is shown in figs. 641 and 642. 
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Figs. 541 and 542 show the construction where the reverse 
gear is attached to the main shaft. In the figures the eccentric 
E, is keyed to a sleeve V, which fits so as to easily revolve on the 
main shaft S; any movement in the direction of the shaft is pre- 
vented by the bearing B, and collar C. 



COLLAR 



ECCENTRIC 



HAND WHEEL 




Figs. 539 and 540. — ^Loosc reversing eccentric; an application of the principle illustrated in 
figs. 537 and 538. The eccentric E, is free to turn on the shaft and is held in i>osition by a 
stud and hand nut P. The stud passes through a circular slot in the wheel, so located that 
when the stud is clamped at one or the other end, the eccentric is in correct position for 
forward or reverse motion of the engine. 

A Spiral slot M, is cut in the sleeve and hole bored in the 
end of the shaft to H. A straight slot is cut through a portion 
of the bore from H, to the other end of the spiral slot. The rod 
R, works in the bore and has attached to its end cross pins P, P', 
which pass through the shaft and sleeve slots. 
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To change the position of 
the eccentric, R, is moved, 
which by the action of 
the pins in traveling the 
length of the slots causes 
the sleeve and eccentric to 
rotate on the shaft, thus 
changing the angular ad~ 
vance. 

By giving the spiral slot 
the proper pitch, the eccen- 
tric may be rotated throi^h 
the correct arc when P, is 
moved the length of the 
slot to reverse the motion 
of the engine.* 

This gear as applied to 
engines having valves on 
the side is shown in plan 
in fig. 543 which illustrates 
the construction for a 
compound engine, the 
cylinder outlines being 
shown in dotted lines. 

The eccentrics EaadE'.are 
key ed to a valve shaft S' , wliich 
is placed directly under the 
valves and at the sides of the 
main shaft S. 



•NOTE.— This 
becBUKMc tried rr 
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^IG. 544. — ^End view of fig. 543 showing the two gear wheels G, G', which transmit motioc 
from the main shafts to the spiral slotted sleeve V, and eccentric shaft S'. R, is the reverse 
rod. 



I 



\ ' 







Pig. 545. — ^End view of loose eccentric reverse gear with idler between main shaft and valve 
shaft. By using an idler, the diameters of G, and G', may be made quite small, thus reducing 
the tangential velocity of the gear wheels which is desirable. V, is the spiral slotted sleeve; 
S, eccentric shaft, and R, reverse rod. The gear G', is keyed to the sleeve at K. In design* 
the sleeve should be thick enotigh so that it can be firmly keyed. 
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Motion is trans- 
mitted from the main 
shaft to the small or 
nahe shaft S', by the 
gear wheels G, G'j 
these wheels bemg of 



the ! 



the 



two shafts revolve 
the same rate, but in 
opposite directions,' 
the valve movement 
then, is indirect, and 
the eccentrics are 
therefore set ISO" 
from the usual posi- 

The gear wheel G', 
is key^ to the sleeve 
V, which fits over 
the valve shaft, and 
which has a spiral slot 
■"T, and a turned pro* 



ll-l B H S jection C, at its end. 



This projection or 
collar and the gear 
wheel prevent any 
lengthwise movement 
of the sleeve as it re- 
volves in the bear- 
ing B. 

The valve shaft is 
bored to the point H, 
. and has a stra^ht slot 
extending from H, to 



•NOTE,— An end vi 



in fis. fr 
thirdgei 



u in &g. MS. Hen the 



gear, it haa the advantAfrfr 
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CHAPTER 9 

REVERSING VALVE GEARS, LINK MOTIONS 

The so-called Stephenson' Link Motion.— This, though 
one o£ the earliest forms of reverse gear is probably used more 
extensively than any other; in the opinion of the author it is as 



, hiatorv ol ^-^^ . , — . ^„ — ,, 

»tiDD at izireDtot with the author (Burglil- Howe's invention was sugKOted by thn Wil- 
liams link shown above, "The inventor of the link motioa in its Bimp'— —■-— ' —J ■ — > 
form 1> Mr. W. Howe, who introduced it in the month of August in thi 
Uien a workinocaechanic in the employment of Messrs. Robt. Stephen: 



the 
ime. In the fiffuies, A^ indicates the cron^ shaft B, the pni^sed linV C 



Uie connectma rod, 
" - 'locklbrn' 



: the least piactical use. because one eccentric bank 

...p _ m. SeverBl persona employed in the works saw the 

arawin^E Mr- 'Withams had made, and amongst them Mr. flowsjbut no one brought it into 
a state for practical application until August 1842, when Mr. Howe made a pencil aketcll 
and a rcusu wcx)den model of his link motion, and both of the originals are now in the 
South Kensington Museum. This model so perfectly indicated what the curved link 
should be, that, acting upon the advice of his friend, -Mr. Howe showed it to Mr. Hutchm- 
Bon. then the manager of Stephenson's Works, who at once aaw the worth of its application 
pntctically, not one ag a reversing but also as an eipaasion gear for working the Blide valve, 
and he (Hutchinson) Bent the model at once to Mr. Robert Stephenson, then in London. 
who al30 approved of it immediately he saw it. At the time, Mr, Howe was engaged in 
mining a motliing model of e wedge motion for two locomotives, baing built, but wasditected 
to aubEtftute for this, hia hnk motion. Ha then made a full siie model and proved tha 
adaptatioD of ^ link motion for any grade of cut oH. The dlmentioa* uwrei outaidslw 
one-hatf; .under,lap one-aixte«nth^ ^port opening 1 in.; throw 3: length of eccentno Toda 
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„ REVEME Ltvr« beautiful a piece of 
mechanism as ev^ 
was invented. The 
name shifting link 
is sometimes used 
to distinguish it 
from the staHonary 
or Gooch link. 



The Stei>bensoQ 
link was originally 
intended for revers- 
ingonly, but within 
c^tain limits it is 
used to advantage 
as a variable cut off 
or so called expan- 
sioa gear. This 
feature is made use 
o£ especially on loco- 
motives, and nuuine 



As shovm in fig. 
551, it consists of a 
link L, block M, 



Fig. 551.— TTie »o aSM 
Stepbumn. or »hmin§ 
link. Then we two ec- 
centcki B uid E', wboia 

nected'lo tho i^at h. 
■nd B. When A. ii oppo- 
giU tbe Uock M. u 

rteertt. lever O. ii 
iDnved to G', •riuch 
britifl B. oppoaita the 
block, thus tha mntioii ed 
the revene eccentric is im- 
parted to the velvgatein. 
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^ 



DtS 



lateral or tteistij 



Plan of abifting link showing double p 

"--'ifiHC strain <m tht sUm Jr tatraint 

pun:hue ui engine, tbs offset io 



1 are pivoted to the lii 



ccentric rods R, and 
he link at A and B. 
forked end, and is 
J pin P. Reach rods 
S and S', (one on 
each side of the link) 
connect the latter 
with a notched quad- 
rant H , and latch I , 
which retains it in 
any position. 

The link which 
consists of two 
curved bars bolted 
tt^ether at the ends, 
freely slides on the 
block when the re- 
verse lever is moved, 
and to a limited ex- 
tent in operation. 
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If the block be at one end of the link; the motion of the ec- 
centric attached to that end of the slot is transmitted to the valve ; 
■when the Ijlock is at some intermediate position, the valve re- 
ceives the combined motion of the two eccentrics; if the block be 
at the middle of the slot, or mid-gear 
position, the valve does not admit 
steam to the cylinder. As shown 
in the figure, the block is at that 
end which is attached to the for- 
ward eccentric E, hence the engine 
runs in a forward direction. By 
moving the reverse lever to G", 
the link slides to the right until the 
other end P', which is attached to 
the backward eccentric E', is in 
contact with the block. The valve 
then partakes of the motion of this 
eccentric and the motion of the 
engine is reversed. 

With the reverse lever in any 
intermediate position between full 
gear and mid-gear, the cut off is 
shortened, because the iROtion of 
one eccentric tends to counteract 
that of the other ; the combined effect 
is to reduce the travel of the valve. 



tOgiQB fitted with >□ oSaet sh^ting link; ftn objectiouble coostruc- 
I ti6t central with the tmis of the valve stem there i» « tendetin' for 
the, valve stem aiis every time the hnk is ihifted by the leveru lever 



and also during bperit- - 

The latter efleot a supnented by the obiectionable location ot i, ■ ■ 

to get Jut of alignment and somelimea cause it to worlt rou^ly or stirlt in thifting. The only 
advantsge due to offsetting the link is that it allom more room for a oiam beanng. In the 
above eitaniple, the Bomire aection of the valve item should be much l«n|Br,*nd preferably 
shnped as a flat bar of a width considerably greater than it* ttaickaeu. Iha beuug ahould 
be adjustable for wear. 
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Pigs. 555 to 558.-^Movement of the link during one revolution. Tlie figures show the position* 
6f the link gear when /Ae crank C is on the dead center, and at >^, H and H of a xevolutioo. 
The point^ of suspension being at the center, as on tocomotivesV the slip as consider;tble. 



/ 
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Some of the different positions taken by a link for one revolution of the 
crank are shown in figs. 555 to 558, which illustrates a locomotive link 
motion in full gear for four positions of the crank. Pig. 555 shows the gear 
with crank C at the beginning of the stroke; the oQier figures illustrate 
the position of the link when l£e crank has made }^, ^, and ^ of a revo- 
lution.* 

Ques. What is the difference between open and crossed 
rods? 

Ans. The eccentric rods are said to be open, if they do not 
cross each other, when the eccentric centers lie between the link 





Figs. 659 and 560. — Diagrams illtistrating open, and crossed rods. In shortening the cut oflf 
by "hooking up," open rods give Increasmft lead, crossed rods, decreasing lead. When 
it is intended to wonk the engine linked up, as with a locomotive, it is advisable to have the 
rods open, as a greater range of expansion is obtainable with less reduction of port opening 
than with crossed rods. 

and shaft center as shown in fig. 559. If the reverse condition 
obtain, as in fig. 660, the rods are said to be crossed. 

Ques. What is the effect of open and crossed rods on the 
steam distribution ? 

♦NOTE.— In figs. 555 to 658 the reach rod is shown attached to the central portion of the 
Itnk instead of at the end. This construction is for locomotives on account of the position of 
the rocker arm but the action of the link is not so good as when the attachxnent is at the end 
«s in figs. 575 and 576. 



UNK MOTIONS 



h 



III 



III 



^24 



LINK MOTIONS 



The effect of open and' crossed rods is shown in figs. 562 to 565. The 
first two figures illustrate why the lead increases with open rods when the 
link is moved from full to mid gear. On account of the inclination of the 
rods, and the position of the eccentric centers both rods tend to pusdi the 




Pigs. 562 and 563. — Diagrams illustrating 'why open rods give increasing lead. In Mhifiin§ 
the link from full to mid gear, the angularity of the rods is so changed that the^alvestem 
pin P, and valve are moved to the left a distance L. thus increasing the lead tt^ amount. 

■ .. . V */. • 

link and valve to the left at the beginning of the movement. The upper 
rod, after passing the horizontal position, partially counteracts lie move- 
ment imparted to the link by the lower eccentric resulting in a gradually 
increasing lead in amoimt equal to L. The position of the link center for 
full gear (fig. 662) should be noted. 

Figs. 564 and 565 show why crossed rods decrease the lead from full to 



LINK MOTIONS. 



325 



mid gear. The combined effect of the angularity of the rods is such that 
in moving the link from full to mid gear the link and pin P are moved to the 
right a distance h, this decreasing the lead by that amount. 

In botli cases the valve is' shown in one of the positions with zero lead, 
that is, in line and line position to clearly illustrate the change in lead. 




Figs. 564 and 565.— Diag^nttna illustrating why crossed roda give decreasing lead* In shifting 
the link from full to mid gear the angularity of the rods is so changed that the valve stem 
. pin P and valve are. moved to the right a distance L» decreasing the lead thia amount. 

Short rods are used to emphasize the effect Of open and crossed rods on the 
lead. 



Ques^ When should open and crossed rods be used? 

Ans. If the link motion is intended to be used as an expansion 
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gear, on a locomotive, open rods should be used as a greater 
range of expansion may be obtained with less reduction of port 
opening than with crossed rods.* If the link is to be used 
only in full gear, or in connection with an independent cut off, 
crossed rods may be used, and the link made straight. 

Ques. How early may steam be cut off with the 
Stephenson link? 




Fig. 566. — Reeves link motion adjustable cut off for engine driving centrifugal pumps, Cans, 
etc. The cut off may be varied while the engine is in motion. The x>art8 are: A. link; B, 
link block; C. D, eccentric rods; B, adjusting block; P, adjusting screw; G, adjusting crank. 



L 



Ans. This depends on the amount of port opening at full 
gear. If, as with locomotives, the port opening at full gear be 
greater than the width of the port, fairly good admission may be 
obtained, cutting off as early as one-quarter stroke. For shorter 
cut off, the admission is poor and one-sixth stroke may be 
taken as the minimum cut oft with the ordinary valve. 



*NOTB. — On locomotives it is necessary to give little or no lead, and make the port 
opening greater than the port for full gear in order to prevent excessive lead and too little port 
opening at early cut off. 
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Ques. What are the different forms of the shifting link ? 

Ans. The slotted link as already described, the open, the 
double bar marine type, and the box link. 

The open link is similar to the ordinary link but differs in that the eccen- 
tric pins, instead of being attached to one bar, are located as shown in fig. 
567. With this construction, the eccentrics must have a larger throw, since 




Fig. 567. — ^TTie open link*^ used chiefly on British locomotives where there are no rockers. 
The eccentric rods are pivoted at A and B, and the link suspended from the upper rod pin. 
The fixed point of the reach rods is below the central line of motion. 





• •«««•*** M^>w • m 





B 




Figs. 668 and 560. — ^The double bar link as used on marine engines. The eccentric rods are 
pivoted at A, B, and C, D, on the central arc of the link whichimptoves somewhat the steam 
distribution. 
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' the eccentric pins move a greater distance than the maxunum travel of the 
' valve. The open link is used chiefly on Britisii locomotives where there is 
DO rocker, the link being hung from the upper eccentric rod pin with reverse 
Bhaft below the central line oi motion. 

The double bar marine type link is shown in SgL 568 and 569. It con- 
. dsts of two bars cifrved to the proper arc and connected at their ends by 
sleeve bolts which retain the bars at the dedred distance apart. The 
eccentric rods are attached to two pairs of pins A, B, and C,'D, each toA 
end having a double beaiing. A third pair of pins E, P, receive the reach 
rods ; these pins inay be either located at the center as Aown, or at the end 



REVERSE 
SCREW AO. 




BLOCK '^ 'HAI.- ....^^_ 

Pn. S70 and 571.— Indapoulent cut oS idjiutment for link motion; (utuUy fitted to o» « 
more cylioden on multi-Gylinder marine eosinca. This pemiits iwubtion of the exputuBi, 
teceiverpresfluna.ltc.floiu toget Bstaun diatiibution best ouitaa to the lunning conditions 

OS in fig. 575. On marine engines, an independent adjustment for cut c^ 

is frequently fitted to the high pressure cylinder valve gear, and sometimes 
to each cylmder. 

With link motion, the independent adjusttnentas shown iufigB.670and 571 
consists of an arm A, keyed to the reverse shaft, and having at its end, a 
slot within which works a block with screw adjustment. 

The reach rods are attached to pms which project from the block; by 
turning the wheel W, the btodc is moved in the slot which cluuiges tiie 
position of the link and thus alters the cut off. Fig. 572 shows the adjust- 
able cut off arm as fitted on marine engines. 
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It is, however, expensive to nuke oa Account ,i^ lbs 

Ques Why is a link slot curved? ,^ , - i no 

Ana To equalize the lead of the valve fop«ft'**av«i4?B".Tiie 
fadius of the link is so proportioned as'to'iiiafe^Wi^&iK-M^W 
decrease of the lead the same for both strokes of the piston.* 



S. S7a.— Indel«n&rnf c4t of! B«iteW*nt tar link inoUon; ■riWKhoithigjgBW u 

tngiiu!. The icach rods are piVold to a blbcb which works ddthsicmwS;' Br Mnlii«Uik 
■cmr it W, the block is moved ia the riot and the link ihifted, thus ctungiilg Che cut olti^ 




Ques. What effect has the action of the link on release 
and compression? 

k » a little leu thiui the lenrth oi the ec(«ntric rod. oc 
a the distance Jrom the center of the link blbclt to the 
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Ans. As the cut off is shortened by shifting the position of 
the link, these events occur earlier. 

On locomotives, this peculiarity of the link motion is, within limits, an 
advaatags, because when a locomotive is running fast, steam is cut off 
short, and early release and compression is desirable since owii^ to the 



ITH END SUSPENSION 
SUSPENSII 




CENTER SUSPENSIOM 



Figs. S,75 and £78. — Diagrams inuitntins the effect of end, and center nupouioa- Vhttl 
poaiible, tbe prnnt of nupnukm abould be at tlie end of the tinlc u ihown in tg. Sit, bacnaa 
the flip It lau thui with center nupemion an in ■■. S7S. 
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high piston speed, more time is needed for pre-release, and the increased 
ciShioning due to the early compression is absorbed in bringing the re- 
ciprocating parts to rest. The clearance space is thus filled with steam at 
a higher pressure, which reduces the amoimt of live steam reqtdred to 
increase the pressure in the clearance space to that of admission. 

Oues. What i3 the "sUp?'' 

Ans. The sliding of the link on the block which occurs during 
each stroke. 

Ques. Why does the link slip? 

Ans. The center of the block, being pivoted to the valve stem, 
moves in a straight line, while the ends of the reach rods which 
guide the link have a circular movement, hence a sidewise 
motion is given to the link, causing it to slip or slide on the block. 

In addition to this, slip is occasioned by what might be called "the 
angularity of the link," that is, the inclined positions which it takes, cause 
a sliding action as indicated in figs. 575 to 578. It should be noted that 
the end of the link is f urtherest from the block when the link is in the nearly 
vertical x)08itions ^own at the left of the figiu*es. 

Ques. What is the point of suspension? 

Ans. That point where the reach rods are pivoted to the link. 

Ques. What is the fixed point? 

Ans. The center on the rocker arm at which the reach rods 
are pivoted, and about which the rods swing; the swing center 
of the reach rods. 

Ques. What determines the position of the point of 
suspension ? 

Ans. The type of engine, and conditions of operation. 

On locomotives the link is usually suspended near the center, but where 
conditions permit, the point of suspension is best located near the end. 

Figs. 575 to 578 show the two locations of the point of suspension. 
In each figure the link is shown in two corresponding positions from which 
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Ques.. When is the slip greatest and least? 

Ans. Greatest in full gear, and least in mid gear. 

Ques. What conditions tend to reduce the slip? 
REVERSE ROD 



M 

VkC. STB. — The Gooch itaCiotury link; uaad chiefly vbtn the nlve nquim no rocker, u on 

, Briti*h locomotivss. Jht Itad is antshsKl for all aU ogi. An obiection to the GoiKh link 1* 

that it rnuins considermble diatuics betmcn th* ihift ukd (Qrlindet on account of tlu kog 

Ans. , Coqsiderable angular advance, short travel, short 
eccentric rods, and a long link, 

Ques. How long should the link be made? 

Ans. It ought to be of such length that its movement in 
reversing is from 2J^ to 3 times the travel of the valve. 

" The Stationary Link. Shortly after the appearance of the 
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shifting link came the stationary link, also known as the Gooch 
li-nV , named after its inventor Daniel Goodi. It has been used 
extensively on locomotives throughout Great Britain, and the 
continent, but is little used on American locomotives as it is not 
adapted to engines having steam chests on top the cylinders.; 
it is especially suited to engines having no rockers. 




-K' 



Fig. 580. — Stationary link motiotL Dia^rram for setting the eccentrics as given by Clark. 
The eccentrics must beao placed as to yield the necessary linear advance of tba valve, or the 
double of it between the positions of the link at the two ends of the stroke. Let X X.', above 
be the center line, and O, the center of the driving axle. Through O, drawthe vertical Y Y', 
and descxibe the circle A, 4H ins. in diameter, for the path of the eccentrics. Draw the 
oarallels M, N, 12 ins. apart, equally distant from the center line, — ^the centers of the lix^ 
being. 12 ins^ apart. On the center O, with the length of the eccentric rod as radius, which 
in this case ia assumed for convenience at 27 ins., or six times the throw of the eccentrics, 
cut the line M , at T , and draw TO , se t off O R and O S . each equal to the linear advance of the 
valve, — IVA ins. — and draw the perpendiculars RA , SA", to meet the ci rcle. Draw the diam- 
eter AA", then OA and OA",are the positions of the fore eccentric for the lead of the in and out 
strokes respectively. From A and A" as centers, with the length of the rod, cut the line M, at 
B and B"^ and join AB and A" B". These are the positions of the fore eccentric rod for the 
out and in strokes; and the apace BB", equal to RS, measures twice the linear advance of 
the valve. This construction ia empirical, but it is in ordinary cases satisfactory, and the 
points are easily^ adjusted, if the interval BB", be not exactly equal to twice the linear ad- 
vance. The position of the back eccentric at A' and A'", is found by drawing parallels to the 
vertical Y Y , through the points A and A". The lower centers of the link, at B' and B'", are 
found similarly to the centers at B and B". Draw BOB' and B", C B'", for the relative posi- 
tions of the link. From C and C, as centers, with thelength of the sustaining link as radius, 
find the point of intersection P, the position of the fulcrum, over which the fink will vibrate 
eqtially on both sides of the vertical FD. The Unear advance of the eccentrics, that is, the 
perpendicular distance of their revolving centers from the vertical CD, does not exceed 
seven-eighths ihchr. which is nevertheless sufficient, aided by the obliqmty of the rods, to 

^ cause an advance of Vy^ ins. at the link. Applying the same method to mid the set of the 
eccentrics £or the 54 inch rods of the yalve motion already ^illustrated, the advance of the 
eccentrics is exactly 1.075 inches, or over 1V6 ins., for 1% ins. of advance of valve. The 
open forma of link iDsquine a like process for the setting of the eccentrics. > 
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The stationary link requires considerable distance between the 
shaft and valve by reason of the long radius rod necessary be- 
tween the link and valve stem. Its featiire with respect to the 
steam distribution is that it gives constant lead for all cut offs, 
with either open or crossed rods. 

The concave side of the link is turned toward the valve as shown in fig. 579 
the radius of the link being equal to the length of the radius rod A. To 
reverse the engine, the block M, is moved in the slot by the lever C, and 
reverse arm C , both keyed to the reverse shaft E, the movement being 



REVERSE ROD 




VALVE STEM 



Fig. 581. — The Allen straight slot link: a modification of the Gooch link, and designed to 
secure equal steam distribution at each end of the cylinder. 

transmitted to the radius rod A, through the reverse link L. The link is 
suspended at F, by the reach rod G, which is pivoted at the fixed point H. 
Since the ra^us oi the link is equal to the length of the radius rod A, it is 
evident that the block may be shifted from one end of the slot to the other 
without moving the point S, therefore the lead remains constant for aJl 
degrees of expansion. 



The Allen Link. — ^This form of link motion invented by- 
Alexander Allen was designed to combine the leading features 
of both the Stephenson, and Gooch links. It is so constructed 
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that the parts are ahnost balanced, hence on locomotives it does 
not require equalizing springs, or counterweights. 

As shown in fig. 5S1, it consists of a straight link, with a radius rod A, 
and block M; both link and rod are moved by a double suspension lever, 
or rocker with arms C, C, attached to the reverse shaft £. Since the link 
is straight, the center of travel of the block varies, but this is compensated 
for by the effect of changing the slant of the radius rod A. 

The position of the link and radius rod is shifted by means of a third 
arm D, attadied to the reverse shaft E. The proper proportioning of the 
two arms C, C is an important point in the design of this link motion. 

Ques. What eflfect has the Allen link motion on the 
lead? 

Ans. With crossed rods, the lead decreases as the cut off is 
shortened. 

Ques. Is the variation of lead ^eater with the Allen 
or Stephenson gear? 

Ans. With the Stephenson gear; a well proportioned Allen 
gear, having a long radius rod and short travel, will give prac- 
tically constant lead. 

Ques. What are the advantages of the Allen link? 

Ans. The parts being in balance require no equalizing springs 
or counterweights; the slip is small. 

Ques. What disadvantages does the Allen gear possess? 

Ans. It requires considerable distance between the valve 
and the shaft on account of the radius rod. The lead is constant, 
which is not desirable for locomotives. More parts are required 
than with other types of link. 

The Allen link is specially adapted for use on inside connected loco- 
motives, that is, locomotives having steam chests at tne side of the cylinders 
although a modified form of the Allen gear has been used on American 
locomotives. 



CZQ6 UNK MOTjaNS 

TtiGMiaklAxA^^^Qasis^a. ample iormoi link motion find 
is used on the PorterrAllen engine. The lead 13 c<»ista&t, and 
its principles of operation are illustrated in fig, 582, 
' " The link f orn^ a part of the eccentric strap, and is suspended 
■. at F, the fixed point being below at B. Cut ofE is varied by shift- 
ing the position of the block M, to which is favoted the steam 
radius rod D, The figure shows a separate ejchaust radius rod D', 



is tin loDK t«iic« cot 

which is set permanently in full gear; this rod operates the 
eriiaust valves independently of the steam valves. 

Cut off is made automatic by a connection G, to the governor. 
When the Fink link is used as a reversing gear, the point (rf 
suspension P, is placed at-,the intersection of the line of centers, 
and a perpendicular to .it through the center of the link block 
when in full gear. 
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The link receives a peculiar motion on. account of the horizontal and the 
vertical throws of the eccentric. The horizontal throw alone only moves 
it from one to the other of the lead lines, which motion, only draws off the 
lap of the valves. 

The openii^ movement is produced by the tipping of the link alter- 
nately in the opposite directions beyond the lead lines, these tipping motions 
being given by the vertical throws of the eccentric. 

The upward throw tips the link in the direction from the shaft, and 
opens the port at the further end of the cylinder ; and the downward throw 
tips the link towards the ehaf t^ and opens the part at the crank end of the 
cylinder. At the same time its horizontal, throw is drawing the valve back, 
and when, in this return movement, that point in the link at which the block 
stands, crosses the lead line, steam is cut aS. 



1 of the Fialc link u 



Figs. 583 and 584 show a side and end elevation of the Fink 
link as designed for the Porter-Allen engine. It should be noted 
that the link is suspended from both sides, thus avoiding any 
lateral stresses. The range of cut off is from zero to six-tenths 
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of the stroke. The link is especially suited to a long range cut off 
since the exhaust features are not affected by the degree of 
admission. 

The exhaust valves open and dose their ports in such a manner that the 
opening is made while the valve is moving swiftly, and one-half of the 
opening movement has been accomplished when the piston arrives at the 
end of its stroke. 

The valves are so constructed that this portion of the movement opens 
the full area of the port, which does not begin to be contracted again until 
the center line of the link has recrossed the lead lines on its return. The 
speed of the piston is then also diminishing, and the exhaust is not throttled 
at all until the port is just about to be closed. By raising or lowering the 
fixed point B, fig. 582, the equality of lead, and port openings in the two 
strokes is regulated. 

According to the builders of the Porter-Allen engine, this point should 
be so adjusted that the arc of motion at F, shall be tangent to the center 
line of the engine. The motion of P, is distorted on account of the obliquity 
of the line F E. To neutralize this, the makers use a rocker to reverse the 
motion of the valve, and put the center of the eccentric on the crank axis. 

The ratio of F £, to O £, is made the same as the ratio of connecting rod 
to crank so that one error offsets the other, hence the lead and cut off can 
both be equalized. 
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CHAPTER 10 

REVERSING VALVE GEARS; 
RADIAL VALVE MOTIONS 



The object sought in the introduction of the so called radial 
gears is to overcome the defects of the shifting link gear, and in 
some cases to obtain a more accessible gear. 

While the shifting link gives equal lead for various cut off s 
it does not give constant lead, that is, as the cut off is shortened, 
the lead increases or diminishes according as the link is arranged 
with open or crossed rods. Moreover, premature compression 
occurs as the cut off is shortened. These distortions in the 
steam distribution are in many cases undesirable. These de- 
fects, and the desire to avoid a multiplicity of eccentrics on multi- 
cylinder engines, are the chief reasons for the adoption of radial 
gears. 

The better steam distribution secured by radial gears is in some cases 
more or less offset by complicated construction consisting of numerous 
parts and joints subject to wear.* 

General Principle of Radial Gears. — ^The object sought 
in the invention of radial gears is to obtain from some recipro- 
cating or revolving piece of the engine , an arrangement of mechanism 



*NOTE. — ^According to Sothem (Principal. Sothem's Marine Engineering College, 
Glasgow), the general experience of engineers is tiiat the disadvantages of radial gears more 
than balance xne advantages, with the result that the ordinary lixik motion will be found 
fitted in even the most modem and up to date marine engines, as being simpler and more 
reliable. 
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tnnt in which shaU 
■ibe an oval curve, 
by altering the direc- 
of the axes of this 
', to produce variable 
'ff and reversal. 
Kordingly, a radial 
may be defined as 
in which the motion 
g valve is taken from 
point in a vibrating 
one end of which, 
s in a closed curve, 
' a third point on the 
noves in a straight 
or open curve. 

ickworth Gear. — 

gear, which was 

_|j invented by 

'" John W.. 

, ^ Hackworth, 
[ type . ^ ' 

r„ ' and patent- 

"" ed i„ 1S59 
and 1876, was the 
first radial gear and 
it probably gave 
rise to all modem 
radial gears. 

Fic, S85.— Haotworth inr 
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The principle of the Hackworth gear, as stated by Seaton is 
as follows: ^'The motion of a point on a rod^ one end of which 
moves in a circle, and the other on a straight line passing through 
ike center of that circle ^ is on an ellipse whose major axis coincides 
with the straight line. If, however,' the end of the rod slide on a 
line inclined to this center line, the major axis of the ellipse vnll 
be inclined.** 

There are two types of Hackworth gear which may be clas- 
sified as: 

1. Inside connected; ' . 

2. Outside connected; 

according as the valve rod is connected to the eccentric rod 
between the eccentric and eccentric rod pivot, or beyond the 
eccentric rod pivot. 

Fig. 585 shows the inside connected type as arranged for outside ad- 
mission. Its essential parts are: eccentric, eccentric rod, link, valve rod, 
eccentric rod pivot, link pivot, and valve rod pivot, and means for shifting 
and securing the link in any position within its arc of adjustment. As 
^own, the center of the eccentric is at E, or opposite the crank, corre- 
sponding to 90 degrees angular advance. 

The link consists of a straight slot and guides a reciprocating block 
which is pivoted to the end of the eccentric rod at P. The pivot L, of the 
link is located in the line X X'; which passes throtfgh the center of the 
shaft perpendicular to the cylinder axis Y Y'. The point of cut off and 
direction of rotation of the engine depend upon the angular position of the 
link with respect to the axis X X'. 

The location ofpivot L, and length E B, of the eccentric rod is such 
that E B =E' L. When these two distances are equal, F, will coincide with 
the center L, of the Hnk when the connecting rod is on either dead center, 
and the slotted link may be turned from fuU gear forward through its 
horizontal position to full gear reverse without moving the valve. Hence, 
when the lap is the same on both ends of the valve the leads are constant 
for ail positions of the link, and consequently for all cut off. 

The valve is set by adjusting the valve stem for equal lead. 

The correct location of the valve rod pivot V, is necessary to secure 
proper steam distribution. V, must be so located that when the engine is 
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dead center and the ]ink is 
rizontal position the distance 
to the iiorizontal &xis X X' 
lead, as sbonn in fig. 586. 
m)eration of the gear may 
; be better presented graph- 
han by description. Thus, 
r to 590 shov the positions 
gear in full forward motion 
jrindpal events of the stroke, 
ad, cut oS, pre-release, and 
ision, and figs. 591 to 594 
positions in full reverse 

595 to 597 show the gear 
forward motion for vmious 
ions of the link giving variouE 



dititm to permitting re- 
ith only one eccentric, 
: advantages of this geai 
nick motion at the point 
)ff and the large range 
i possible, wire drawing 
lall opening and slow 
ji the port, as is the 
Lth the shifting link 

motion. 
i E A R The chief objec- 
IJ tions to Hack- 

"^ worth's gear are : 
1. The friction and 
b wear of the Mock and 
' link especially when 

the link is inclined to 

the XX' axis: 



it d«iul center pMition ihowini; that 
It be so located od the eccentric rod 

jiaoaMuaiXX'^laf+tfd. Thia 

It be erident, becaiue the Talve as shown in section miut have ita proper iiaMr adramt. 
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2. Large eccentric necessary 
rhen valve rod pivot is located 
>etween the eccentric and 
M^entric rod pivot; 

3. Considerable traverse 
[tress on the eccentric when 
;he valve is imbalanced; 

4. Numerous pins, liable to 



In later dedgns the first objec- 
tion was overcome by using roller* 
instead of a sliding block. The 
gear has worked faidy well, and for 
engines of small power .has been ' 
found a convenient arrangement, 
especially when much variation in 
cut off is required. 

Fig. 598 shows the inside con- 
nected gear arranged for in^de 
admission. Here the eccentric is in 
line With the crank, 180° from its 
position for outside admission, that 
IS, its angular advance is made — 
flO" instead of +90". Figs. 599 
and 600 show the outside coonected 
gear arranged respectively for out- 
side and inside admission. 



RTH GEAR 

tmected type 
fe motion 
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of the modem 

simply modi- 

iackworth gear. 



order to fully 
jdng principles 
schanical con- 
as lai^ely been 
more modem 
of mechanical 



ar.— This first 
modification 
<A the Hack- 
worth gear, 
due to P. C. 
Marshall, 
was intro- 
duced to 
overcome the 
chief <fef ect of 
tlie Hack- 
worth gear, 
that is the 
wear and 
friction of the 
sliding block. 
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It is simply the Hackworth gear with a svnKging arm substi- 
tuted for the link as shown in figs. 602 and 603, the other parts 
are exactly as Hackworth arranged them. 



.. _ 1 R', which turns about L, and whose angi^ar position with 

respect to the central axis y y', controls the point of cut off and direction 
or rotation. In construction, a geared quadrant is attached to the radius 
arm to provide means for setting the »dius arm in any position withhi 
its arc of adjustment. 




Pic. eoa.— CotutructioD i 



The pivot L, is located precisely as in the Hackworth gear. 

Since P P, is made etjual to P L, the arc described by P, will pass through 
L, for all angular positions of the radius arm, and P, will coincide with L, 
when the engine is on either dead center. Hence, it the laps be the same 
the lead will be constant and equal. 

The motion of the valve is the resultant of the two vertical components 
of motion due to the eccentric and radius arms acting at the ends of the 
eccentric rod. 

The steam distribution of the Marshall gear is not so good as with the 
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jivoted to the end 
middle of the ee- 



rie operates the eccen- 
irhich also forms one- 
acentric strap J, tiie 
)f this lever is attached 
rod, by meEtns of a 
d thus to the valve 

■n of the eccentric rod 
lUt which it is swung 
' the throw of tha 
amount of travel thus 
he valve being equal to 
■■ad t<x both ports, 

Dccessary to open the 
«d to the valve throi^ 
le up and down motion 
1 P, due to the horizon- 
'. the eccentric, whidi 

\R radius rod R, 

I pivoted at K, to 

' Gwing, and thus 

raise and lower 

the fulcrum. 
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The upper end of the radius rod R, is pivoted to the radius arm R', whidi 
iaa be swung abaut the pin P, by means of the reversing gear, vhich 
is siniilar to that shown in fig. 603, the construction being explained in 
Lhe accompanying text. 



Various cut offs; forward motion 

'iG. 611. — Bmnms gear in cut off [KHiEion tot lotot cut off; forwanl g«r. 
'lo.eiZ. — Brenuue gear ia cut (d positiou for iliort cut aS; forwuilBCU'. 

It must be understood that when the radius arm R' (sometimes, though 
ill-advisedl^ called tumbling link*) is at its midway position, no vertical 
motion is given to the fiUcrum P, and if it be thrown over into its opposite 

'NOTE. — Tha author onfen to conline tbs word link to meui a dotted bar or device 
rbcnin a block sUdel u in the shifting orio called Stevens link. 
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position the motion is reversed to that indicated in the figure. By reducing 
the inclination of the arm, the cut off is shortened. 

According to the inventor, the angle of the reversing lever (that is, the 
radius arm R', fig. 608) from the central line and known as the "deviation 
liae" should never exceed 25* on either side. 

Joy Gear, — ^This gear invented by David Joy in 1880 is 
perhaps the best known of the radial gears, and avoids altogether 
the use of eccentrics. Its motion is superior to that of the or- 
dinary eccentric in that the parts are opened and closed rapidly 
with slow valve movement during expansion and exhaust. 

The lead is constant, and the cut off nearly equalized fpr all 
grades of expansion. The compression is less at short cut off 
than with link motion. 

The Joy gear has been extensively used on English locomotives 
and on marine engines. 

The chief objections to the gear are its great number of parts 
and joints which are in the way and subject to wear. In design 
the various pins should be made substantial. 

In the Joy gear motion is obtained from the connecting rod 
and imparted to one end of what corresponds to the eccentric 
rod in the previous gears, the oth<^r end of which is connected 
to the valve rod. There are two types of Joy gear, classified 
according as the motion received from the connecting rod is 
modified by: 

1. A link; ^ 
As in the Hackworth gear, or 

2. Radius Tod 

as in the Bremme gear. 

Fig. 613 shows the link t3rpe as applied to a marine engine. 

The lever A, (previously mentioned as corresponding to the eccentric 
rod in the radial gears already described, especially the Bremme gear), is 
pivoted at B, to a block arranged to slide in the curved link L» the pivot 
forming the fulcrum of the lever A. 
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Motion is imparted to the lever A, directly from the connecting rod by 
means of the rod C, one end of which is pivoted to the connecting rod, the 
other end to the rod D. 

The vertical motion of the rod C, moves the valve an amount equal to 
its lap + leadf while the horizontal motion causes the ports to open their 
full opening by moving the fulcrum up and down in the inclined link. 




Pig. 613.— Joy valve gear, link type. In this gear, as can be seen, no eccentric is employed. 
the motion being taken from the connecting rod, thus permitting more liberal main beaxings. 



I 

L 



By means of the reversing lever R, the inclination of the link L, can be 
altered, or reversed, to vary the cut off or reverse the engine. 

Pig. 614 shows the radius rod type of Joy gear as applied to a marine 
engine. 
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Diagram for Setting Out Joy's Valve Gear. — ^The following 
is the method of design as given by the inventor: 

"On the oonnectingrod AB, fig. 615, take a point C, so that its total 

' vertical vibration DD', is not less than twice the full valve travel, 

perferably a little more. Through DD', draw XX, perpendicular to 




RADIUS 
ROD 



Pig. 614. — Joy valve gear, raditxs rod type. The substituting of a radius rod in place of tlM 
link avoids the objectional friction and wear of the latter. 



AB, and at the proper distance from AB, lay down the center line of the 
valve spindle. Mark the extreme position of the point C, for inner and 
outer dead centers, and choose such a lever CE, whose total angle of vibra- 
tion CEC, docs not exceed 90**, and carry the end E, by an anchor link 
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; nud positi<m 
which is parallel to the 

connecting rod when 
horizontal. 

"Next, on the center 
line of the valve apindle 
produced, and on each 
side of the vertical XX, 
mark off the points J I', 
each distant from the 
vertical by an amount 
equal to lap and lead. 
From the point J, draw 
a line J H, the center 
line of a link that, by 
virtue of its connection 
to C E, will move the 
point K (thle point 
where J H crosses the 
vertical) equally o n 
each side of the central 
point K. The point K, 
IS the center of oscil- 
lation of the curved 
guides in which slide the 
blocks carrying the ful- 
cnim M, of the lever JH. 
The position of H, is best 
found by a tentative 
process, and to test 
whether the chosen point 
be a correct one, the 
, equal vibration required 
is marked off on each side 
of K, and lettered L L. 
The distance LL, is equal 
to the vertical vibration 
of the point C, on the 
connecting rod, that is 
DD'. FromD,aGceiiter, 
and with C H,as radius, 
mark the point M,on the 
vertical XX, and with 
the same radius, mark 
ofE N, from D', M and 
N, are the positions of 
H, when the engine is at 
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half stroke, or thereabouts, and these points give the total vertical 
vibration of H. 

"Prom M, as center, and with HK, as radius, describe an arc cutting 
the vertical XX, and from N, as center and with the same radius describe 
an arc also cutting the vertical XX, then, if the point H, be the correct one, 
the arcs just drawn cut the vertical XX, at L and L. Should the points 
of intersection fall below L and L, H is too near E, but if they fall above L 
and L, H is too near C. The exact position of H, is generally found by a 
second trial. The valve rod JG, may be of any convenient length, out 
the center line of the slides must be struck with the same radius. From 
the point K, draw a line KO, jjarallel to AB, and with center on this Une, 
and with JG, sis radius, describe an arc containing K, and cutting the 
curves LL, struck from K, as center, in PP'. 

"From P, or P', and on each side thereof, mark off on the arcs LL, an 
amotmt equal to 1^^ times the maximum port opening required, and let 
RR', be the points. With centers on the arc SS, struck from center K, 
describe arcs passing through K R and K R^ these arcs represent the center 
lines of th© curved slots for forward and backward gear, and when Uhe 
latter are in either of these positions the point of cut off is about 75%. 
Should a later cut off be required the slots must be carried still further 
from their vertical position. 

"It is seen in the diagram that the fulcrtmi K, of the levM- JH, coincides: 
with the center of oscillation of the curved slots or guides when the crank 
is on either dead center. Evidently when these points coincide, the angle 
of the guide can be altered to any extent without disturbing any other 
part of the mechanism, a state of things which shows that the lead is 
constant." 

The inventor's pamphlet goes on to say that when the above directions 
are followed, the leads and cut offs for each end of the cylinder for back- 
ward and forward gear are practically equal. 

The arrangement of the gear just described is the most effective but 
considerable latitude is permissible. For instance the point C, can be 
placed above or below the center line of the connecting rod and the point K, 
can be raised or lowered, so that the line KO, is no longer parallel to AB, 
but it is not advisable that the line should have a greater inclination to 
AB, than 4* or thereabouts. 

Again, the anchor link may be dispensed with, the point J, being guided 
in a slide affixed to some convenient part of the engine. For vertical 
' engines the same rules apply by placing the diagram vertically and altering 
relatively the terms vertici and horizontal. 

Joy and Bremme Gears Compared. — ^The Joy gear ia 
preferred for locomotives, and the Bremme for marine engines. 
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Jt ia somewhat difficult to arrange the Brenune gear with its eccentric 
rod and reversing arm underneath a locomotive boiler, so as to be compact, 
and to clear the various parts. In marine work, apace for this is usually 
abundant. The movement of the parts of the Brenune gear is considerably 
less than the Joy. 



Walschaert Gear.— This type of valve motion is one of the 
most important of the so called radial gears. 

It was invented by Egide Walschaerts* (incorrectly spelled Walschaert, 
Walschart, etc.), of Mechlin, near Brussels, Belgium, and is especially 
adapted to locomotives. 

the tSth of Pebrusrr. 1901, it Sunt-GDlM, neu 

1 mechaoism which is soonciiuL, hu b«en adopted 

jjjuitb ui uic cA^uuum uE Europe and has b€en ipronfftM altrlbutvd to Mr. 

Idegg. He was bora Juiuiry 21.1320. Bt Mslines. which place became, 
the central point of the sfitem of Beliiiaa Railwaye. The hue frDm Brui- 
I opened in lH^iS. and this event decided the career of young Wslschaerta. 
at the eihihitioo of produots of Malines, there appeared aome remarlmble 
,' him, sod described aa foUowa in the catalogue: No. 19. _ M. E. Wal»- 

of the railway locomotivel. ((} Sectnu of ■ stMioiiUY (team engine, 
ion pump end a duplex pump. (c)GlaB model of an incllDed plane. Mio- 

much struck by it thai: he bad Walschaert! enter the Uaiveiatr of Liese, 
re interrupted by a aerioua illneaa, and vere nevtf completed. W« eod 
le National Bihibition in Bmsseta in 1341. The report of the jury men- 

imsll locomotive constructed entirely by Walschaert!, and a steam boat 

says) at four leagues an hour on the canal. T^ boiler of this Httle boat 
an invented hy the constructor. The jury does not give further ilstajli. 
id the silver medal, tn 1842 WalKihaerta waa talcen into the shops of the 
alines ai a mechanic. Machine tooTs ejtisted only in the moat rudimentary, 
re rooms were badh^ pmviaioned. The lack ot organixatun in the ahofia 
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The recent development of the locomotive in this country has presented 
conditions that has caused the extensive use of the Walschaerts gear in 
place of the shifting link. 

The Walschaerts gear like other radial gears gives a constant lead and 
cannot be adjusted without disturbing the other events. 

The layout of this gear is more or less a matter of trial, many mmor 




Tig. 617.— Skeleton diagram of Walschaerts valve gear. Jn operation, the movement given 
to the valve slide A, is the resultant of two components. The first is derived from the eccen- 
tric £, through the link L, and varies in amount as B. is moved out from P, and in direction 
relative to the crank as B is above or below P. The second component is derived from the 
cross head through the combination lever C. The resultant effect is e9uivalent to the motion 
that would be given by a single eccentric shifting along a straic^t Ime. 

locations may be varied in design, such as the position of the link pivot or 
the point where the eccentric rod is pivoted to the link, and in this way 
modifications in the action of the valve may be accomplished. 



NOTE,— CofUinued, 

rendered a man of Walschaerts abilities particularly valuable, and at the end of two years 
he was made shop foreman at Brussels. Although he was only twenty-lour yea9 of a^e he 
had already shown the qualities which make an engineer, which should have carried hun in 
a few years to be the t^hnical head of the motive power department. It is humiliating to 
be compelled to say that he remained shop foreman throughout his life. The first locomotive 
came from BnsJand and had not been in service for more than ten years when Walsdiaerts 
was made foreman. The railroad was growing rapidly and it was necessary to increase the 
forces and to acquire experience. Walschaerts was not content with ^e duties incurred in 
these difficult circumstances, but bM»^n his career by the invention of his system of valve 
motion. On October 6, 1844, Mr. Fischer, Engineer of the Belgian State Railways, filed 
for Egide Walschaerts an application for a patent relating to a new system of steam 
distribution applicable to stationary steam engines and to locomoiiives. The Belgian patent 
was issued on November 30. 1844, for a term offifteen years. The rules of the department did 
not allow a foreman to exploit a Belgian patent for his own profit and this explains probably 
the intervention of Mr. Fischer, who has never claimed the slightest part, material or moral 
ot the invention. On October 25th of the same year, Walschaerts took out a patent in France 
for the same invention. There also exists among the documents left by the inventor, a con- 
tract signed at Brussels in 1845 by Demeuldre, from which it appears that he undertook to 
obtain a patent of importation into Prussia for the new valve motion, subject to an assignment 
by Wals6haerts of half of the profits to be deducted from the introduction of the new 
valve motion in this country. It is probable, however, that this contract was never carried 
out. The design attached to the Belgian patent is a primitive arrangement, the link oscil- 
lated on a fixed shaft, in regard to which it was symmetrical, but it had an enlarged 
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In the chapter on locomotives, the Walschaerts gear is de- 
scribed in detail, hence only an outline of its working princi- 
ples need be given here. 

The essential features of the gear are shown in fig. 617. 

The motion of the valve is the resultant of two movements, one of which 
is intended to give constant lead, and the other, the required travel of the 
valve. These two movements are due to the cross head and eccentric, 
and are combined and imparted to the valve by the combination lever as 
shown in fig. 616. 

Motion from the cross head is delivered to the lower end <rf the com- 
bination lever by a stud bar A, fixed to the cross head and rod B, giving- 
it a reciprocating motion equal to the length of the stroke, 

The second movement is transmitted from the eccentric through the 
eccentric rod, link pivoted at B, and vahre rod (sometimes called radius 
rod), to the combination rod. 

The valve rod is pivoted to the combination rod at a point C, near its 
upper end, so located that the motion received from the cross head will 
reciprocate the valve stem through a ^)ace equal to twice the linear ad- 
vance, and thus to place the valve in position with consttint lead at tiie 
beginning of the stroke. 

The link is curved to a radius equal to the length of the valve rod. The 
valve rod has a block pivoted near its end, and arranged to slide in the link 
as shown. 

The cut off is shortened, or motiion reversed by shifting the block by 
means of the reverse crank and reach rod which joins this crank to the 
end of the valve rod. 



NOTE.-r-Cof»f«MK«d. 

opening at the center so that only at the ends was it operated without play by the link block* 
which was made in the form of a simple pin. There was only one eccentric, the rod of which 
terminated in a short T, carrying two pins. The reverse shaft operated the eccentric rod and 
maintained it at the desired height. For one direction the lower pin of the T engaged in the 
lower end of the link, and to reverse the engine the rod was raised so that the upper pm engaq;ed 
in the upper end of the link. The angle of oscillation of the link varied with the position 
of the pin in the link, and this oscillation was transmitted by an arm to the combining lever, 
which was also operated by the cross head. The central part of the link could not be used 
for the steam distribution, as it was necessary to enlarge it to allow for the play of the pin 
which was not in operation. It may be asked why the inventor used two separate pms mounted 
on a cross piece on the end of the eccentric rod, instead of a single pin on the center of the 
rod which would have served for both forward and backward motion without requiring tiie 
center enlargement of the link. It must be borne in mind that the raising or lowering of the 
eccentric rod by the reverse shaft was equivalent to a slis^t change in we angular advance 
of the eccentric. Consequently with a link of a sufficient length to keep down the effect of 
the angularity it was necessary to reduce as much as possible the movement of the eccentric 
rod. Notwithstanding its differences the mechanism described in the patent of 1844 is in 
principle similar to the valve motion with which every one is to-day familiar and which the 
inventor constructed as early as 1848, as is shown by a drawing taken from the records of the 
Brussels shops, on which appears the inscription "Variable expansion; B. Walschaerts ■ysCem 
apphed to Locomotive No. 98, Brussels, September 2, 1848." 
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GOVERNORS 



An important reqtdrement of engine operation for most 
conditions of service is the maintenance of a practically constant 
speed under variable load. This control is accomplished by an 
automatic device called a governor. With respect to speed 
control, engines may be divided into two general classes, ac- 
cording as they are designed to nm at 

1. *Variable speed, or 

2. Constant speed. 

The speed regulation of the two types is classed respectively as 

1. Hand control; 

2. Automatic. 

Under the first division are types such as manne, locomotive, and 
hoisting engines, while the second division consists at that large class 
known as stationary engines. 

Glasses of Governor. — The varied conditions of service give 
rise to numerous types of governor differing both in principle 
and construction. Accordingly, governors may be classed: 



*NOTE. — ^It should be understood that there is a type o.. engine called "variable speed 
enflpne," which works under control of a governor so arranged that the speed may be altered 
as rally explained on page 398. 
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1. With respect to steam control as 

a. Throttling; 

h. Variable cut off. 

2. With respect to the operating principle, as 

a. centrifugal {-^- 

b. Inertia. 

3. With respect to operation, as 

a. Sensitive; 
h. Isochronous; 

c. Variable speed. 

4. With respect to construction, as 

a. Pendulum [^^f'^ 

f shifting eccentric; 
smnging eccentric; 
double eccentric. 

Principle of Centrifugal Governor. — ^The action of 
governors of the type depends upon t':e change of centrifugal 
force when the rate of rotation changes. 

In these governors one of two resisting forces is employed 
as that due to gravity, or a spring. Gravity is usually the 
resisting force in pendulum governors, and one or more springs 
in shaft governors. 

In fig. 618 let 

h = height of cone of revolution ; 

r = radius of rotation of ball; 

W*= weight of ball; 

C = centrifugal force due to speed of rotation 

WXr=CXA 
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from whidi 



W 



C* 



Wr _C* , Wr 



Ques. Upon what does h, or distance of the plane of 
the ball below the point of suspension (popularly expressed 
as ''hei^t of the ball") depend? 

Ans. The distance h varii^s inversely as the square of the 
speed. 

The weight of the ball and radius of revolution have no effect upon the 
position of the balls. 



POIMT OP. 
SUSPCNSldN 




CCNTAimieAL 



RAOfUS OP 
, ROTATIOM 

Fig. 618. — Simple tevolvidg pendulum iUuatrating the principle of oi)eration8 of centrifugal 
govemon. 



Pendulum Governors. — In its simplest form the pendulum 
governor consists of two balls suspended upon a vertical shaft 
as in fig. 619. The weight of the balls tends to hold theni down, 
and centrifugal force operating against gravity (or a spring) 
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tends to rafte them (that is, make them fly outward), as ex- 
plained in the preceding sections. 

Theoretically, the action of the balls is independent of their weight 
as the centrifugal force varies in the same proportion as the weiebt and 
maibtains oonEtant the relative effects, so tliat at oonstont speed tbe balls 
will rotate in the same plane, whatever their weight. This is true tmlj 
where the arms are simply hinged at the top without any other connections. 



ndulura aovemor B£t4ut«d by centrifu^ force bnd Efraviti . -.-...^„„ 

■nialipeed at the cssine, the t»lli nvolve ia the plass AA, then let put 

«n off and the engine will speed up (HJUly, or enouBh to thnw the b^lls 

,^-,juiee*Bfi. ThisiuHsthecoUuonUuBpauIlefRjmC.toD.uidt^n^ua 

Lttocfainent or eqi]iv&1eiit» contfol the Bteun supi^ by throttlinv of vuiabte cut 

« u the BOvenioi ii of the throttling or cut off type. 

In a governor as constructed there are a collar, side rods, etc., 
which, having no rotary motion tending to raise them by cen- 
trifugal force, act as dead weights on the baJls and cause them 
to revolve in a lower plane. However, if the balls, be made 
heavy in comparison with the weight of the arms and collar, 
this effect becomes small. 
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The expression for the total centrifugal force horizontally outward is: 

C = 12Wl^-^^f (1) 

in which 

C= total centrifugal force in lbs.; 
W= weight of both balls in lbs.; 
V SB tangential velocity of balls in feet per second; 
^= acceleration due to gravity = 32.16; 
r» radius of rotation of the balls, in inches. 

In the previous section was obtained the expression 

Wr=C* (2) 

Substituting for C, its value as in (1), 

Wr = 12W»»A-5-^r (3) 

from which 

*=^r*-M2i^ (4) 

Now the tangential velocity r, of the balls for any rotative speed R, is 

r = 2 X r R-t- (1 2 X 60) = X r R-^ 360 

and since g= 32.16, substituting in (4) 

A=32.16r»-5-12(xf R^360)«=35,191.7-^R* (5) 

Example, — ^In an engine running at 200 r.p.m., the governor is to run 
at half that speed and have a "regulation" within 4 per cent. 

Four per cent regulation means that the maximum speed of the engine 
is to be 

200Xl.02=204r. p. m 

and the minimum speed 

200X.98 = 196r. p. m. 

Then the corresponding maximum and minimum speeds of the governor 
will be half these values or 102 and .98 r. p. m. respectively. Substituting 
these values in (4), for maximum speed 

h =35, 191.7^ 102«= 3.38 
and for minimum speed 

h=35,191.7-4-98«=3.66 

which means that the balls must rise and fall vertically a distance of 

3.66 — 3.38 = .28 inch 

for a total variation of 4 per cent in the speed of the engine, that is fot 
4 per cent regtilation. The corresponding movement of the collar upon 
the governor shaft will depena upon the lengths of the different arms and 
connecting levers and may be determined graphically. 
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Loaded Pendulum Governors. — In the example given in 
the preceding section it is evident that there is but little change 
in the height of the governor for even considerable variation 
in speed, and also that for high speeds, the height h of the 
governor becomes so small that the mechanism would be 
difficult to construct. To overcome these defects the governor 
may be loaded, that is, a weight is placed on the collar to assist 
gravity in holding down the balls as in fig. 623. 




LOAD 



COLLAR 



Pig. 623. — Diagram of loaded pendulum governor. In this type a weight (or equivalent) is 
placed on the collar, thus increasing the gravity effect in resistmg the centrifugal force. 



The governor equation already found may be stated as 
gravity moment ^centrifugal force moment 
or in symbols 

Wr-CA (6) 

Now if W, be the combined weight of the balls, as before, and W tbe 
weight of the load placed upon the collar as in fig. 623, then the gravity 



370 



GOVERNORS 



moment is (W-f-W) r, which substituted for W in equation (ft) gives 

(W+W) r^Ch (7) 

Substituting in (7) the value of C, as foimd in (1) 

(W+W) r = 12 W »« A-^^r 
from which, solving for h 






(8) 




Pig. 624. — Reaaon for loading a governor. If the height h, for a simple iMndaium govonor be 
calctdated for different speeds, it will be found that while the change <» height h, tor a change 
of speed may be comparatively laige when the speed of the governor is low, when the speed 
is increased, the change of height for a change of speed becomes so small as to be of no 
practical value. Thus in the ngure from, say 60 to 70 revolutions, the difference in A, is 
large, and say from 110 to 120, it is very smaU. Hence if a weight or load be added whidh 
increases the gravity effect, then a large movement of the sleeve may be obtained with a 
high speed of rotation, and at the same time a much more iwwerful governor ia obtained 
than when no central load is used. 



It will be noticed that the second factor of (8) is the same as the value 
of A, in equation (4)» and reduced in (5), hence substituting the value given 
in (5) in equation (8). 

, W-fW^ ,,35,191.7 
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from which it appears that the height h, of a loaded governor is greater than 
an tmloaded one to the extent of the factor (W-fW )-r- W. 

Assuming the load upon the collar to be 1, then for maximum speed 

A-i±^x5^^-6X3.38-20.28 ^ 
and for minimum speed 

Then the vertical movement of the collar will be 21.96 — 20.28 « 1.68 
in., as compared with .28 in the example of the unloaded governor just given. 

Ques. How is the load proportioned? 

Ans. It is usually made much heavier than the balls. 

Ques. What equivalent is sometimes used in place of 
a wei^t on loaded governors? 

Ans. Springs. 

These are used especially on throttling g[ovemors and are so attached 
that they oppose the centrifugal force obtainmg the same effect as a weight. 

Ques. How may a loaded governor be constructed and 
why? 

Ans. It may have comparatively small rotating weights, 
because the centrifugal force increases as the square of the 
number of revolutions and only directly as the weight of the balls. 

Sensitiveness. — ^A governor is said to be sensitive when a 
smaU variation of speed causes a considerable movement of the 
regulating mechanism. 

Theoretically, loading a governor has no effect on its sensi- 
tiveness however since, in practice, the friction of the governor 
and regulating mechanism may be considerable, the sensitiveness 
of a loaded governor is actually much greater than that of the 
unloaded type. 
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About 2 per cent 
variation of speed of 
the engine may be 
considered as the 
practical limit of vari- 
ation with good gover- 
nors. A less percent- 
age than this requires 
an abnormally large 
fly wheel. 

Figs. 625 to 628 
show several types of 
pendulum governors 
arranged in the order 
of their sensitiveness, 
fig. 625 being the least 
sensitive, and fig. 628 
the most sensitive. 

Stability.— A 

governor is said to be 
stable when it main- 
tains a definite position 
of equilibrium at a 
given speed. 

Wheii the reverse 
conditions obtain, it 
is said to be unstable, 
that is, when at a 
given speed it assumes 
indifferently any po- 
sition throughout its 
range of movement. 
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Ques. What to the condition for stability? 

Ans. For stability, the centrifugal force must increase more 
rapidly than the radium of rotation of the balls. 

Evidently no governor can maintain a constant speed since it requires 
a change of spe^ to actuate the regulating mechanism. When the balls 
are in the lowest position the regulating mechanism gives the full steam 
supplv for maximum load and when the balls are highest, just enough to 
run the engine against its frictional load. 




Fig. 620. — ^Early form of parabolic governor, which operates isochrooously* that is* the HighUst 
variation of speed drives the balls to the end of their travel. This condition is only obtained 
when the balls in rising and falling describe a portion of a parabola, for, in this case the 
height of the cone of revolution is constant for all positions of the arms, and the balls are 
in equilibrium and will remain in any position, so long as the speed remains unchanged. Tha 
abooa consf rucf Ion which is said to be the earliest form of parabolic governor known in 
England was introduced in 1851. The balls were suspended by links to rollers, which traveled 
upon arms branching from a vertical iq)indle, so formed that the centers of the rollers traveled 
in a parabolic curve.. An early governor of this type applied to a compound engkte was 
rendered useless by its excessive sensitiveness, continuaUy operating tne throttle valve* 
The difficulty was overcx>me by applying an air dash pot. 

If the boiler pressure or the load be changed, a certain amount of dis- 
placement of the balls is necessary to vary the steam supply, and this 
displacement can only be obtained by a change in speed, hence the term 
constant speed is erroneously iiLSed as applied to engines where speed is 
controlled by a governor. 
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Isochronism. — ^A governor is said to be isochronous when 
it is in equilibrium at only one speed. 

If, when the balls are displaced, the centrifugal force changes pro- 
portionately to the radius of rotation of the balls, the speed is constant, 
that is, the equilibrium of the governor is neutral, allowing it to revolve in 
equilibrium at only one speed. 

The slightest variation in speed drives the balls to the end of the traveL 
Such a governor is said to be isochronous^ and its sensitiveness is theo- 
retically infinitely great. 




EXTREME 
POSITIONS 



PROXIMATE 
PARABOLA 



Pig. 630.~-DiagTam of crossed arm pendulum governor^ the approximate equivalent of the 
parabolic type. By producing the two extreme positions of an arm BA and B'A', until 
they intersect at P. and using tiiis as a point of suspension. The curve described by the baUs 
during their travel will approximate a parabola and the action of the governor will be 
approximately isochronous. 

Ques. What type of governor is isochronous? 

Ans. The parabolic governor. 

Hunting. — ^An isochronous governor cannot be used success- 
fully on an engine without being modified so as to obtain a small 
margin of stability to prevent violent changes in the steam 
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supply, especially if there be much frictional resistance to be 
overcome by the governor, or where the engine responds slowly 
to the influence of the governor. When a change of speed occurs, 
however quickly the governor acts, the engine's response is 
xn<»re or less delayed. 

If the regulation be by throttling, the steam chest forms a reservoir to 
draw upon, and if by variable cut off, the opportimity- is lost if cut off 
has already occurred, and control caxinot begm tmtil the next stroke. A 
sudden decrease of load is accompanied by such increase in speed as to 
cause abnormal governor action giving too little steam for tb.e reduced 
load. Causing a decrease of speed accompanied by excessive increase in 
the steam supply. The governor thtis oscillates in its endeavor to find a 
position of equiubrium and such action brought on by over-sensitiveness 
is called kunttng. 

Quee. What form of governor is approximately the 
equivalent of a parabolic governor? 

An§. The pendtdtim governor with crossed arms as in fig. 630. 

Quee. How is the stability of this governor varied ? 

Ans. Reducing the distance PA, increases the stability; 
increasing P A, gives the reverse eflEect. If the point P, be too 
far from the spindle, the height of the cone may increase as the 
balls rise and cause tmsatisf actory operation. 

Inertia Governors. — ^The term inertia may be defined as 
that property of a body by virtue of which it tends to continue in a 
stctte of rest or motion in which it may be placed until acted upon 
by some force. This forms the working principle of inertia 
governors, and in general an inertia governor may be said to 
consist of a heavy body pivoted at its center of gravity and 
coxmected at a proper point to the regulating mechanism. 

In operation, the heavy body revolving in step with the fly wheel tends 
to revolve at constant speed. Any change of speed of the fly wheel due to 
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variable load produces a change in the position of the heavy body with 
respect to the wheel, thus moving the regulating mechanism. 

The so called inertia governors found on many are, strictly speaking, 
combined centrifugal and inertia governors, as &eir action aepends on 
both forces. According to constructing, one force may be made to either 
oppose or assist the other. 

In fig. 631 a governor disc is pivoted to the fly wheel at P, as shown. If 
the wheel rotate in the direction of the arrow, an increase in speed w^ 
cause the disc to move outward from the center C, by centrifugal force, 
but if the governor disc be pivoted at the center of the shaft as in fig. 632, 
then the centrifugal force acting radially with respect to the pivot P, will 
have no effect on the disc since the position of the pivot P, coincides with 
the center C, of the fly wheel. 

If in fig. 632 the speed of the fly wheel increase or decrease, the disc, 
(tending to rotate at constant speed) will respectively lag behind or advance 
beyond the position shown in the figure, that is, it will move with respect 
to the fly wheel in the direction of I, or I', respectively, inertia in this case 
alone being the controlling force, the resisting force being the tension of 
the spring. 

In fig. 632 the force due to inertia is a maximum. This force may be 
made to assist or ofjpose the centrifugal force according to the location of 
the pivot P. Thus in fig. 633, if the fly wheel be rotating in the direction 
of the arrow, both forces act together and make the governor rapid in its 
movement, while in fig. 634, the forces oppose each other and tend to make 
the governor sluggish. 

Another form is shown in fig. 635, in which the centrifugal force is 
neutralized, the controlling force being due to inertia alone. In the figure 
two discs A and B, connected by an arm are pivoted at the center of gravity 
P, at a distance C P, from the center C, of the fly wheel. 

In operation when the fly wheel revolves disc A, is acted upon by a 
centrifugal force P, and B, by an equal centrifugal force P'. These forces 
acting on opposite sides of the pivot P, and at eqtial distances neutralize 
each other. 

Now if the fly wheel revolve in the direction of the arrow, and its speed 
be decreased, the inertia of the discs (represented by the forces I' I') wiU 
cause them to revolve around P, to some position as A' B'. Clearly if the 
speed increase the reverse condition will obtain, that is, the discs will 
revolve around P, to some position as A" B", under the influence of the 
inertia forces I' I'. 



Spring Governors. — ^The use of springs for the controlling 
force or to assist gravity is quite common. When springs are 
used the ball arms may be arranged to travel across a vertical 
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axis, or the governor may be operated in a horizontal position 
and gravity practically eliminated. 

Spring governors can be made practically isochronous if desired, by so 
adjusting the spring that the initial compression in the spring bears the 
same ratio to the total compression that the minimum radius of the balls 
bears to the maximum radius. 

In practice, stability is provided by making the spring a little stronger 
than the above adjustment. 

Fig. 692 illustrates the operation of a spring governor. As shown, the 
balls are attached to bell crank arms, pivoted at P and P'^ to a frame, 
■which revolves arouiid the central upright shafl. The travel of the balls is 
transmitted by the bell cranks to the collar at A A'. An adjustable spring 
presses against the collar and acts as a substitute for gravity. 

In operation as the speed increases the centrifugal force increases and 
the balls move outward. The compression on the spring increases similarly, 
and by suitably adjusting the initial pressure on the spring, the governor 
may be made nearly isocnronous, as before mentioned, and rendered very 
sensitive, which is a characteristic of this <das8 of governor. 

The Regulating Mechanism. — ^This term is applied to the 
gearing or * 'transmission" which transmits the movement of the 
governor to the control device. 

Figs. QUO to B42.— Continued. 

(fig:. 637), by having more tension on the eccentric arm q>ring C^, than is maintained on 
the spring attached to the other arm C. Bjr this arrangement any amount of friction 
necessary for stability is obtained. The eccentric D, is fastened to. one arm A*, in its proper 
relation to the suspension anil crank pin so that the swinging of the arms move the eccentric 
across the shaft, changing its throw, producing the d«sired effect of changing the cut off 
of the valve. The sliding block, C, to which the arm ends of the springs are attac^ted is 
used to increase the range of the springs. In adjutUng, by moving the sliding block along 
the grooves C<, the points of susi)ension are changed^ By changing the points of suspension 
any desired effect upon the action of the g[ovemor is obtained. The inertia arms are pur* 
posdy made heavy so as tor balance thft reciprocating part* of the valvA motion. 



NOTE. — Directions for Riblet combined^ centriCugai and in^tia governor. 1. When 
springs are placed in the governor, the suspension points E, of the sliding olock must be about 
half way between their minimum and maximum positions. 2. The free arm spring C', must 
be tightened just enough to hold it in place. 3. The eccentriearm spring C^, must be tightened 
so that it is pulled out about H^', or lusf enough to stop the rattle of the governor. 4. Start 
the engine. 5. If the engine run too fast,, put shot in cavity B^ and the same amount in B*. 
6. If the engine run too slow,' pt^t Ahot in cavities B* and B^. 7. Until the point is reached where 
the fequired speed is obtained pay no attenti6n to regulation. When.the speed is obtained 
apply K>ad to the engine. 8. If the engine run. slower as the load is applied, move the springs 
by means of the sliding block toward their maximum position in direction of arm, fig. 542 of 
their points of suspension E; continue this movement until the desired regulation is reached. 
9. If engine run faster as the load is applied, reverse the procedure given in 8. 10. Be sure 
the governor does not stick or bind and that the suspension pins are well lubricated with good 
grease. ^ 
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According to the nature of the regulations governors are 
classed as 

1. Throttling; 

2. Cutoff. 

The throttle valve as introduced by Watt was what is now known as a 
butterfly valve, and consisted of a disc turning on a transverse axis across 
the center of the steam pipe. It is now usually a globe, gate, or piston valve. 



FlC 692. — ElanentBiy disgnm shoniog working principle of spring gavoinora. 

When regulatbn is effected by varying the cut off, an expansion valve 
or the shde valve or piston type is used, the governor generally acta by 
changing the travel of the valve. In some forma of automatic expansion 
gear, the lap of the valve is altered; in others, the governor acts by rotating 
the expansion valve eccentric on the shaft and so changing the angular 
advance. These matters are fully explained in the chapters on valve gears. 

Throttling Governors. — If this type of governor had never 
been invented, no doubt some of the world's nattu-al resources 
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Fig. 693.— PielwrinB elumAthrot- 
tling governor fitted with »uto- 
matic BaFet>'Htop. tpeed reeulator 



, e96.— Sinlier-Davii 
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E against the steam resistance. The coil springs are not for speed regulation. To chanf 
ipted: Loosen the lock nula at the lop q( the governor above the traveling head, and 
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would be better preserved and the price of fuel not so high. 
However, for some services where waste material is to be dis- 
posed of, and can be used as fuel, a throttling governor may be 
employed. This type of governor may be defined as an auto- 
matic throttle valTO which governs by altering the pressure at 
which sUam is admitted to the cylinder; that is, the throttle 



bieain. f n ertetlng, be sure and hsve the end cup on the bniclcet stand with the head vf 
sit screu poitUiut direct to Ihi ptUUy on mfiiu shafl. /n opcniHon. if the eovemor belt 
break, the spring tbrcwi the shut out of ifesr, the top drops uid closes the valve. To start 
asain, raiae the top part, push the gears tooetlier aiid hold H in position while putCins on 
^cbelt. Fig. ess shows gDvemor fitted witE sawyer's lever. 

valve is opened or closed inversely with changes in load, thus 
causing more or less drop in pressure so that the resulting mean 
effective pressure in the cylinder will vary with the load and 
maintain a steady speed. 
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Fig. 702 shows the effect of a throttling governor upon the 
indicator diagram. 

When working under full load, the diagram has the form shown by the 
full line, but when the load drops, and the engine speeds up slightly, the 
governor acts, partially closes the throttle valve, and the pressure is reduced 



Pie. TOl.^OBTdner ipeed uul pmiun reeulator fitted with natomatic atop for iteam Bctnated 
conipi«*flon. Thia regulator cooaista of a class A governor fitted witli r braaa cylinder oon- 
tffiTiirtg a piston upon which the sif pressure is exerted. The braaa cylinder is connected by 
a pipe wilh the air receiver set about 25 feet distant from the resulator, so that the latter 
ms.y alwaya be under the direct influence of the BIT pressure wiuiin the receiver. The air 
preaauifl to be maintained ia regulated by the position of the weight on the lever. When 
this prosure haa been reached it u oarted on the biass piston, pushing it upward and closinE 
the govemine vslve, or keeinns it open just wide enooBh to maintain a constant air pressure. 
On dui^ex machines, when the desired air pressure has been attsioed, the regulator wilt 
bring compreaaor to a dead stop, staitiog it up automaticaUy when air pressure falls below 
tJis nqoirvd amount. On nngio comprtsaon it ia not desirable to bring the compressor to 
a, dead stop, and there ia an adfoitable device on the n^ator which, when set for certain 



it the awoe runoing away in caae of sudden loia oi 
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hy irire dramng so that the admission and expan^on lines take the posi- 
tions shown by the broken lines in the illustration. The resulting drop 
in pressure is always proportional to the reduction in load, so that the 
sp^d remains constant, or practically constant within certain limits, 
whatever the load upon the engine. 

The general construction of a throttling governor is shown 
in fig. 703. 



Fig. TW. — GBrdner «priiw throttling governor with speed regulator, mwyeT'i ! 

vutomHtic safety Btop. ThiaeovcTnor is recoininended for traction «nd high opeed ^ 

**i(fiTif* It IB very quick uid leiiBitive in action, and ia therefore capable of responding 
nromptl/ to the varioui chanod in load- The balls are liffidly connected to ateel spring. 
the lower enda of the ipringa Ming lecured to a revolving sleeve ^rhich receives its rotation 
thjtiush mitre ^rearfl; hnlia connect the balla ta an upper revolving sleeve, which ii free to 
move perpendicularly. The balls at the free enda of the springs furnish the centripetal 
force. »nd the ipriiisa an the main ceutripetal agenti. No gravity ia employed. Siui. 



The valve 15 is of the balanced or double seat poppet type. 
A different type of valve is shown in fig. 705 which is a sectional view 
of the regulating mechanism d the Waters throttling governor. 
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Cut Off Governors. — In this method of regulation, which 
is always used where any regard is had for economy, steam is 
admiUed with full throttle opening and the mean elective pressure 
controlled to suit the load by varying the point of cut ojf . 



STCAM 
PROM MIL 



PlO. TOS.— RagHlating 



vaJva and Kat beisfl 
mad« of compoflitiQD 

show the paths of thi 

SUPPLV TO EN6INE SSu^^ai^riS^ 

by Che three pocM. The four valve aeaU are all in one caatine. which fits the iion body at the 

ends only, providing for expansion and contraction. Hie valve being of the putoa type la 

balanced and the tnplo porta pvt the required adnuAsion ^rith a correapoadingly email tfAveL 



L 




Fig. Tog. — Indicator dLagram illustratLng regulation by variable cut ofT^ 
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Fig. 706 shows the resiolting changes upon the indicator dia- 
gram. Here the initiai pressure remains the same, but the area 
o£ the card, and consequently the amount of work, is reduced 
by shortening the cut off. The original and final areas of the 
diagrams are the same in each case, and the reduction in work 
per stroke is shown by the shaded area. 






is reduced. Tboa go 



In this class of governor, variable cut off is effected in several 
ways, as by 

1. Variable travel of the valve; 

2. Variable angular advance ; 

3. Combined variable travel and variable angular advance. 

Fig. 707 shows a sprii^ ball governor with regulatii^; mechanism for 
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varying the cut ofl I ■■ 
the first method. As 
shown, the regulating 
mechanism regulates 
the travel of a ridiag 
cut o5 valve by the 
movement of the lever 
A. in the dotted link B. 

Regulation.— The 

term reguTation means 
speed variation, 
usually expressed as a 
percentage of the 
normal speed of an 
engine, nmning under 
control of a governor. 
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The conditions of load vary widely in difterent classes of work. In the 
case of factory or mill engines, the load is practically constant, while with 
those employed for electric railway work, the load changes constantly as 
the various cars along the line are started and stopped. In the case of 
rolling mill engines, the conditions are even worse, for here the engine may 
be running light, with no load except its own friction, when suddenly the 
rolls are started and the maximum load will be thrown on at once. 

With any governor of whatever type, there must be a certain variation 
in the speed of the engine to operate it. In most well designed engines the 
speed will not vary more than two per cent above or below the mean speed, 
and in many cases even closer regulation is obtainable. 




Figs. 709 and 710. — MeEwen right hand engine governor; fig. 363 run over setting; fi^. 384^ 
mn under setting. The wrist pin is shown at 2; there is another hole in the arm directlv 
.below. 3 is a dash pot, and as centrifugal force interferes with its free operation at high 
' speeds the weight 4, is provided to counterbalance it and prevent undue friction. The governor 
arm is pivoted at 5 and rubber buffers are provided at 6 and 7. the ends of travel. Pig. 364 
shows gear reversed. The wrist pin is in uie other hole provided for it 

A reg[ulation within 4 per cent means that if the normal speed of the 
engine is 100 r,p.m, at its rated capacity, it should not rise above 102 
r.p,m, when all the load is thrown on, nor drop below 98 r.p.m, when the 
maximum load for which it is designed is thrown on. 

Ques. What is close regulation? 

Ans. Small speed variation. 

Ques. What is the usual regulation in practice? 

Ans» Prom 2 to 4 per cent. 
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Shaft Governors. — ^This type of governor is tised chiefly in 
that large class of engines popularly known as automatic cut off 
engines. Because of the high rotative speed, a powerful and 
sensitive governor can be provided without undue weight or 
vibration. 

Shaft governors may be classified: 

1. With respect to the controlling force or forces, as 

a. Centrifugal; 

b. Inertia; 





Figs. 711 and 712. — Hlt^m governor as applied to Watertown engine. Pig. 866, gowmor in 
forward motion; fig. 366 governor reversed. 



c. Combined centrifugal and inertia; 

d. Combined inertia, and neutralized centrifugal. 

2. With respect to the regulating mechanism, as 

1. Variable throw; 

2. Variable angular advance; 

3. Combined variable throw and variable angular advance. 



Many of the so called inertia governors are, in fact, of the 
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combined centrifugal and inertia class, these forces acting either 
in unison or in opposition according to construction. 

The principles relating to the controlling forces have been explained 
under inertia governors, and tiie methods of varying the cut oS by altering 
the travel or angular advance, have been treated at length in chapter 6 
on variable cut cfi. 




r prijicLpl«. Pig. 721, inertiA 

jn; fig. 722, combuwd ineitia . 

ible Bugulai advance reguktioc 



and neutralised 



The governor illustrated in fig. 718, controls the engine speed by inertia 
alone, the two forces actii^ together; regulation being by variable angular 
advance. 

FffiS. 721 and 722 show a regulating mechanism with swinging eccentric 
whim regulates by combined variable angular advance and variable throw. 
The control is by combined centrifugal force and inertia, these forces 
acting toeether in fig. 721, and in opposition in fig. 722. 
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Fig. 722 is an example of combined inertia aad netttralized ceatrifugal 
control with variable angular advance regulation. 

It should be understood that the series of illustrations, figs. 717 to 722, 
are intended to represent principles rather than construction, and are 
therefore to be r^arded as dementary diagrams. 
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Auxiliary Devices. — Some governors are fitted with dash 
pots or other damping devices to prevent super-sensitiveness. 
All governors should be provided with a safety stop, or device 





Figs. 727 an4 728. — Clark combined centrifugal and inertia governor in forward axid reverse 
motion. MtegMiation is by variable angular advance. The centrifugal weights 2 and 3 are 
pivoted at 4 and 6 respectively. Inertia control is secured by the weight 7 pivoted radially 
atO. 





Pigs. 729 and 730. — RuB^ell centrifugal governor in forward and reverse motion. Rmgulatton 
is by variable angular advance. To reverse this engine the main eccentric must be turned, and 
if an offset key be used it must be reversed. The cut off eccentric must be carried around 
on the shaft until it has the same angular position in advance of the crank that it had before. 

. It 18 necessary to reverse the spring connections and weighted arms to accomplish this. The 
eccentrics are made in halves to facilitate their removal. 
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which closes the throttle in case the belt or drive gear Ehould 
break. A desirable feature is a spieed regulator which permits 
wide adjustment of the speed during operation. 

These devices are illustrated in the various cuts of governors 
as constructed by the various manufacturers. 



Fic. 731. — Variable speed chansing cono aa oppXitA to the Ball variable apeed ensine. fit 

r ration, Che speed of the upper cone [g constant whfle that of the lover (togeUiei' with 
engine speed), varies S9 the Cone belt i* thiftsd to the rigbc or left by meuu of the Oaitmt 
operated by the hand wheel. 

Variable Speed Governors. — There are some conditions of 
service, as in paper mills, where it is frequently necessary to 
vary the speed of the engine within a wide range. Engines 
fitted with governors designed especially for speed variations 
are known as variable speed engines, and are intended for all 
classes of manufacturing where the quality, thickness or weight 
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of the manufactured product is afiected by the speed at which 
. the machinery runs. The governor is usually of the thrcfttle 
type fitted with a pair of variable speed cones as showu in 
fig. 731, or with friction discs as in fig. 732. 

Since the speed of the governor must always be constant, no matter 
what speed is required of the engine, evidently the speed changing 



.. Ban vaiiable speed oi 

ram engine, nt the left in the rear is I _ ,_ 

friction disca* and at the ri^ht, the automatio cagine stop driven directly from Che engine. 
The steam vaJve of the auUimatic tXop remaini vide open throughout the whole itomial 
range of speeda for nhich the engine is designed, but in case the speed eiceed the prede- 

At all speeds within range of tlie variable speed device, the automatio stop has no thjottling 
effect and hence cannot affect the speed of the engine. 

part of the mechanism is some form of transmission between the 
engine shaft and the governor by means of which the ratio of 
gearing may be varied, just as, for instance, is done in the 
transmission or gear box of an automobile, only in the case of the 
variable speed governor, there must be possible an infinite 
number of gradations, or speed changes, instead of three or four 
as in the automobile. 
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RefoTing to the principle just stated, there is a speed stamped on every 
throttling governor and the valve of the governor will not close until that 
speed is reached. Different sizes and styles of governors are stamped for 
different speeds, but the same principle applies to aU. 

To illustrate this, if the governor of an ordinary throttling engine were 
stamped at 200 revolutions, and it was required to run the engine at 100 
revolutions, it would be necessary to put a governor belt puDey on the 
governor shaft one-half the diameter of the governor belt pulley on the 
engine shaft, that is, the diameter of the two pulleys would have to be such 
that, when the engine was nmning at 100 revolutions the governor would 
be running at 200 revolutions; because, as stated, the governor will not 
regulate the steam supply until it has reached the speed which the manu- 
facturers stamp upon it. 

In showing how this principle is applied with variable speed cones, as 
in fig. 731, it must be remembered that the upper cone of the pair always 
runs at^ constant speed because the governor runs at a constant speed; 
the governor shaft and the upper cone being geared together. With this 
in min4, suppose that the short belt connecting the two cones is so placed 
that it is at the big end of the lower cone, and consequently, is at the smaU. 
end of /the upper cone. Under these conditions, the engine would run at 
a verjr dow speed. • 

The reverse of this situation would occur when the short belt between 
thrf cones is shifted to the small end of the lower cone, and consequently 
is Jit the large end of the upper cone. Under these conditions, the engine 
would run very fast, in order to keep the speed of the governor at the speed 
stamped upon it. 

This belt, which connects the two cones, is held in a frame, and this 
frame is moved from one extreme of the cone to the other, by means of a 
long screw tiurned at the end by a hand wheel. This hand wheel is shown 
in the figure at the right of the open engine. By turning this wheel, the 
belt is gradually moved along the cones, from one end to the other, and 
this movement causes the engine to nm at varying speeds in order that 
the governor may always nm at the constant speed stamped on it. 

By means of this device it will be seen that the speed of the engine is 
regulated with the utrriost nicety, increasing or decreasing gradually and 
without the sUghtest shock to the driven machinery, and without shutting 
the engine down. Since the cones are tapered instead of being stepped, 
the number of possible changes between the two extremes is without limit. 

If it be desired to regulate the speed of the engine from kome other part 
of the room, the hand wheel, which operates the screw of the r^ulating 
device, may be replaced by a sprocket wheel and chain. ; 

Usually a graduated scale and pointer are provided on the speed chaz^[ing 
device, so that the engine may be set to run at any desired ^)eed, or changed 
from one ^need to another* without using a q>eeaometer. 
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Since a variable speed engine usually operates machinery 
worth many times the value of the engine, a secondary speed 
control is provided, which provides additional means of pre- 
venting damage to the driving machinery in case of accident. 

One type of secondary speed control consists of a quick closing emergency 
stop valve in the steam line, which is automatically^ closed by a tripping 
device, attached to the rim of the band wheel. This tripping device flies 
out under high speeds and releases a catch which is connected by a rod to 





PiG. TSS.*— Chandler and Taylor trigger device for secondary speed control. In operationp 
when the speed of the engine exceeds a predetermined rate, centrifugal force causes the lever 
A, pivoted at B, to overcome the compression of the spring C, and fly out engaging the 
tnp D, pivoted at E. which releases the steam arm P, allowing the weight W to fall and 
close the butterfly valve V. 

the weight lever of the emerg^ency stop valve. When released this weight 
on the lever of the valve swings to its lowest position and shuts off the 
steam. 

A second type of secondary speed control is the shaft governor connected 
to a swinging eccentric and so developed that it will not become operative 
until the speed of the engine arrives at the maximum speed at which it is 
to run. Any effort of the engine to run beyond this maximum speed 
shortens the valve travel and by so doing cuts off the steam in the steam 
<^est. In this device the engine is not brought to a stop as with the trigger 
device. In this second plan the engine operates at its maximum speed, 
tmtil it is shut down by hand. 
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The objection to the trigger device is not in the device itself, but in the 
neglect of it. If the trigger in the wheel be not kept clean and free it is 
apt to gum up and stick, and thus fail to perform its functions, when called 
on to do so. The only objection tc the shaft governor device is its increased 
expense. There are no pms to stick in the shaft governor, and the weights 
in the wheels, rotating at the high speeds which they do, have suffiaent 
power to take care of any emergency. 

In the operation of paper machines the shaft ^[ovemor has still another 
advantage: When the engine speeds up to its maximum speed, the operator 
can tear off the line of paper at a point before it enters the dr3ang roUs, 
and so allow the paper in the dryers to run itself out and dear the machine 
before engine is shut down. 

With the trigger device the engine is shut down at once, leaving all 
the paper in the machine. 

Governor Troubles. — ^A governor with its delicate control 
and regulating mechanism is a delicate piece of apparatus and 
must be kept in first class condition to secure satisfactory 
working. 

Dry pins often give trouble by introducing excess friction which opposes 
the controlling force. As much alteration should be given to governor 
lubrication as to any other part of the engine. Special attention £ould be 
given to the lubrication of eccentrics, and the main pin on inertia governors. 

Lost motion in the various joints is not conducive to best operation. 

The engineer should frequently move the governor weight arms by 
hand when the engine is not running; any undue force required in this 
.operation on small and medium size engines will indicate that some part 
of the apparatus is not in proper working order. 

Every time the valve stem packing is tightened more resistance is added 
which must be overcome by the controlling force, hence for satisfactory 
governor operation the valve stem packing should be kept in as near one 
: adjustment as pos^ble. 

The valve setting or its condition is quite as important as other causes 
of trouble. See if the valve be set properly or if it leak, or the pressure 
plate bind. 

If the normal load be such that the valve does not over travel the seat* 
a shoulder will be worn near the seat limit, hence a sHght increase of load 
causing more travel will cause the valve to ride on the shoulder and leak. 
The valve seat should be carefully examined for this defect. 

When springs are too weak to give the required tension, cut off enough 
turns to produce the proper effect. 
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CHAPTER 12 
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Principles of Operation.:— Many ingenious valve gears have 
been devised for operating the steam ends of direct acting pumps. 
The need for such special devices is caused by the absence of a 
rotating part which prevents the use of an eccentric. In most 
cases, the necessary movements of the valve gear are obtained 
from two sources : 

1. The movement of the piston or piston rod; 

2. The steam presstire. 

The valve gear when thus operated usually consists of: 

1. A main slide valve which admits and exhausts steam from 
the cylinder; 

2. An auxiliary piston connected to the main valve and moving 
in a cylinder formed in the valve chest; 

3. An auxiliary valve controlling the steam distribution to 
the auxiliary piston cylinder, and operated with suitable gear 
by the main piston, or piston rod. 

The cycle of operation of a valve gear of this type is as follows : 

As the main piston approaches the end of the stroke, it moves 
the auxiliary valve which causes steam to be admitted to one 
end of the auxiliary piston and exhausted from the other. This 
results in a movement of the auxiliary piston which in turn 
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moves the main valve. The steam distribution to the main 
cylinder thus affected, reverses the motion of the main piston, 
and the return stroke takes place, completing the cycle. 

In pumps of different makes, the detail which varies mostly 
is the auxiliary valve and the method by which it is operated. 
•With respect to these features the majority of pumps may be 
divided into two classes, as those having: 

1. A separate auxiliary valve; 

2. Auxiliary valve and auxUiary piston combined. 

In pumps of the first mentioned type, the auxiliary valves 
usually have stems or tappets which project into the cylinder at 
the ends and are moved by contact with the main piston as it 
nears the end of the stroke. 



Figs. 738 to 742 — Continued. 
the steam chest. The secondary valve derives its motion from the valve stem, tappets, links 
and the piston rod as shown. 

In operation, assume the piston moving in the direction of the arrow near the end of the 
stroke; the tappet block comes in contact with the left hand tappet and throws the secondary 
valve to the left until its edge. A, fig. 741, uncovers the smau port, S, figs. 739 and 740, 
admitting steam to the valve piston. The port, E, and chamber, P, in the secondary valve 
I>rovide tor the eodiaust of steam from the left hand end of valve piston in the same manner 
and at the same time tbat steam is admitted behind the right hand end. The' exhaust ports 
in the chest allow for properly cushioning the valve piston. The small ports on the other 
side of the steam cylinder, fi^. 739 and 740, control the motion of the valve in the other 
direction and act in exactly the same manner as those just described. In case the steam 
pressure should fatt to start the valve piston in time, a fug. B, fig. 738. which forms a part 
of the valve stem, comes in contact with the valve piston and the entire power of the steam 
cylinder starts it. The correct timing of the valve movements is controlled by the position 
of the tappets. If they be too near together, the valve will be thrown too soon and thus 
the stroke of the pump will be shorteneo, while on the other hand, if too far apart, the pump 
will complete its stroke without moving the valves. These tappets are set and keved securely 
before leaving the factory The exhaust from the cylinder is cut off when the piston covers 
the inner port, and forms a steam cushion for the piston to prevent it striking the heads. 
To Bet the valve — Place the steam piston at the end of stroke nearest stuffing box and 
the secondary valve so that it will uncover the steam port, S, figs. 739 and 740. Set the tappet 
next to the steam cylinder on the valve stem against the tappet block and secure it in this 
position. Slide the secondary valve forward until the opposite steam port is uncovered 
and place the steam piston in its extreme outward position, then set the other tappet 
against the tappet block. Now set the vahre so that the inside main steam port is open 
and the valve piston in position to engage the main steam valve, put the valve chest on 
the cylinder and secure it in place. The pump will then be ready to start on the admission 
of steam to the steam chest. If when steam is turned on, the pump refuse to start, simply 
move the valve rod by hand to the end of its stroke and the pump will move without 
trouble. In renewing the packing between the steam chest and cylinder, caution should 
be observed to cut out openings for the small ports. 
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Where the auxiliary valve is combined with auxiliary piston, 
an initial rotary motion is given the latter by the external gear, 
causing it to uncover porta which give the proper steam dis- 
tribution for its linear movement. 

An example of the separate auxiliary valve type is shown in 
fig. 743 which illustrates the steam end of the Cameron pump. 



■eparate auxUiary valve ciasa. 



fift, the va 
The UVB it 
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Each auxiliary valve I, has a short stem which projects into 
the cylinder; when the pistou C, strikes one of these, the valve 
is driven back, and opens an exhaust passage E, from the 
corresponding end of the auxiliary piston F, which immediately 
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Figs. 744 to T4il,— Valve Ecur of ths Knowla pump. The valve piston is driven iltematehr 

sdmitH (team to the mun steam piaton that opeiatea the pump. The main valve isH plain 
■lide whose section ia of B form, worliing on a flat seat. The valve piston is ilightl/ rotated 
back Bjui forth by the rocker bar H; this rotative movement places the amall steam ports 

position with reference to the coiresponding porta A, B, cut in the sleam chest. Steam 
enteia throuBh the port at one end and fills the space between the valve piston and the bead, 
drives the valve piston to the end of its stroke and carries the main rIicIp. vtt\vm wit-h it- 






In opmrallont t1 



1 J. fig. 744, . 



ittached a stud 

■ ■ djustsf 

ikerbai 



, At the lower part of this tappel 

which is a friction roller I. This fnction roller, lowe 

longer or shorter stroke. This roller coming in contact with the 

slightly, liiis action opens Che porta, admits st«am and moves 

of the tappet arm iloes not come in contact with the tappets L. M, 

the steam pressure from any cause should fail to move the valve pisto: 
tappet arm mcjves it meclumicLdly. 

To Met t/ut tjaltJ^t loosen the set screws in the tappets 



backward and for- 

" ': K, on 

pfora 

ton. iTic upiier end 






i slightly in 



lobUin 



slo^. "ff'the pump mlk= i 



410 PUMP VALVE GEARS 

is shifted under the action of live steam on the opposite side 
of the piston head. 

There is a small hole in each end of the auxiliary piston, 
and when both auxiliary valves are closed, the steam passing 
through these holes leaves the auxiliary piston entirely sur- 
rounded by live steam, and therefore in perfect balance end- 
wise, until the main piston strikes the stem in the opposite 
cylinder head, when the valve moving operations are repeated 
in the opposite direction. 

The space back of the auxiliary valve communicates with 
the steam chest, through a passage shown in dotted lines; the 
valve is therefore closed by steam pressure as soon as the 
piston moves back from the stem. 

It should be noted that the piston closes the exhaust passage before the 
end of the stroke. The confined steam forms a cushion between the piston 
and the cylinder head, but a little passage is cut in the cylinder wall through 
which sufficient steam is admitted to start the piston on the return stroke. 

The auxiliary piston which carries the main valve G, shifts the latter in 
the direction the piston travels at the end of the stroke, that is, opposite 
to that of a common slide valve. This valve has, therefore, two cavities, 
each of which alternately puts the cyhnder in communication with the 
steam chest and the central exhaust port. Steam is admitted imder the 
outer valve face, as shown in the figure. 

H, is a lever, by means of which the auxiliary piston may be reversed by 
hand when expedient. 

An example of the second mentioned type in which the 
auxiliary valve and auxiliary piston are combined is shown in 
figs. 753 to 755, illustrating the valve gear of the Davidson pump. 



Pigs. 744 to 748. — Continued. 

roller, I, is too low and does not come in contact with the rocker bar, H, soon enouj^. To 
raise it, take out the rocker roller stud, K, give the set screw in this stud a sufficient down- 
ward turn, and the stud with its roller may at once be raised to its proper height. If the 
valve rod tremble, slightly tighten the valve rod stuffing box nut. When the valve motion 
is properly adjusted the vertical arm should not quite touch the collar L, and the clamp M. 
Rocker roller 1, coming in contact with the rocker bar H, reverses the stroke. 
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Figs. 740 to 7S2.— Valve 
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The main valve is operated by a positive mechanical connection between 
it and the main piston rod, also by the action of steam on the valve pistons. 
Fig. 753, shows the details of valve gear and steam cylinder. In the fig- 
ures the steam end consists of the cylinder M, valve A, and valve pistons 
B and B. These pistons are connected with sufficient space between them 
for the valve A, covering the steam ports P and Pi, as in fig. 755. 

The valve is operated by the steel cam C, acting on a steel pin D, which 
passes through the valve into the exhaust port N, in which the cam is 
located. In addition to this positive motion, steam is ^temately admitted 
to and exhausted from the ends of the valve piston through the -^otts £ 
and El, which moves the pistons B and Bi. 

Assuming the pump to be at rest with the valve A, covering the main 
steam ports P and Pi, in which position the cam C, holds the main valve 
by means of the valve pin D, so that ports E and Ex, admit steam to one 
end of the valve piston at the same time connects the other end with the 
exhaust port. The steam, acting on the valve pistons, moves both, opening 
the main ports P and Pi, admitting steam to one end of the steam cylinder 
and opening the other end to the exhaust. 

If the valve occupy any other position than the one described, the main 
}K>rts, P and Pi, will be opened for the admission and exhaust of steam; 
consequently it is evident that this pump will start from all points of the 
stroke. 

On the admission of steam to the cylinder the main port F, the main 

?iston, cam and valve will move in the direction indicated by the arrows. 
'he first movement of the cam oscillates the valve, preparatory to bringing 
it mto a proper position for the opening of the auxiliary steam ports E, 
to live steam, and E, to exhaust, also to close the valve mechani(^ly just 
before the main piston reaches the end of its stroke. This causes a slight 



Pigs. 749 to 752.— Continued, 

lever. When the piston rod moves, the lever rotates about P, can^nnff the tai>i>et with it; 
and when the tappet strikes either collar it moves the movable seat m the direction in which 
the tappet is moving. By placing the collars so that the tappet strikes them before the 
piston reaches the end of its stroke, the movable seat will be smited in the required manner. 
To set the valves. — No valve adjustment is required to be made inside the steam chest. 
and the only adjustment which can be performed is that of altering the distance between the 
collars, thus chanjging the travel of the valve. This is done by looseningthe set screws in the 
collars, and rotating the latter until they come to the required point. Changing the distance 
between the collars alters the length of the stroke. This is easily seen, because the action 
of the tappet in striking the collars is what admits and exhausts the steam; and if the 
distance wnich the tappet has to travel be varied, the time at which the valve is actuated is 
varied, and the stroke varies as well. The adjustment of these collars is very simple, and 
can be performed while the pump is running. In adjusting them it is desirable to make the 
stroke as long as possible and secure enough cushioning, for the shorter the stroke the greater 
the amount of the clearance, and the steam required to fill the clearance is wasted on every 
stroke. If the collars on the valve rod be not set at equal distances from the center line of 
the lever when the latter is vertical, the movable seat will be reversed sooner on one stroke 
than on the other, and consequently the piston will travel further in one direction than 
m the other. 
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Pics. 763 to 76J.— Valve gear of the Davidson pur 
valtt and auxiliiiTy piston class. To lat thm valvm 
of the glroke until the inner rAat al the port and 
lever, turn the cam C. until the valve piston unc 
to the game end of the sleam chest occupied by If 



this position, T^e atr^ke may be regulated by raising or lowering the end of the connecting 
— I r_ .v.. .i„.,.j .,j ^1 .t. ,r.j. 1 B,: ,),i (oHKfcliiti rod jhnilens Ihr stroke anJ 



'tngShtns Ike siroke. When n 



PUMP VALVE GEARS 



lllli 



I lli!ll 






^1=1 

; jsll.;l 

[8 ISM 



PUMP VALVE GEARS 



415 



The Duplex Pump Valve Gear. If two steam pumps be 
placed side by side, it is fotind that the main valve of each may be 
operated directly from the piston rod of the other without the 
aid of any auxiliary pistons or valves as is necessary with single 





iPiGS. 758 and 759. — ^Plan and elevation of one side of a duplex pump showing steam cylinder 
and valve gear. 

pumps. Each piston rod then with suitable connections operates 
the valve of the other piunp in such sequence that the strokes 
are alternately made resulting in a discharge, nearer uniform 
than is obtained in a single piunp. Figs. 758 and 759 show 
the general arrangement of the valve gear. 
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The duplex pump has one main valve for each side, there being 

no auxiliary valves as in single pumps. These main valves, as 
shown in figs. 760 and 761, are nothing more than ordinary slide 
valves. 

It will be seen from fig. 761 that the valve seat has five ports, giving 
separate st«am and exhaust passages and a central exhaust cavity as shown. 

The passages nearest the ends are steam passages while the inner 
re Sir exhaust. These inner passages are covered or closed by the 




L 



Pics. 760 and 761.— Main valve and valvo»eat of duplm pump; each "side" or pump is Jitted 
_i.h c ™l™ ....* 1^=. «. h-r. <h™™ H and F, are the steam edges of the valve n - '^'- - - - ' 

the seat. Fig.TBO.sha'ns the lost motion' between the 
•.4III >iui <a.vc. xuQ mnntji^ w .u4* uiOtioit glven L3 fluch that the inlet porta are not closed 
and the e:(hau3t ports opeiied too early m order to alkiw the piston to make a full atiokc. 

piston just before the end of the stroke whereby a portion of the exhaust 
steam is compressed and made to act as a cushion between the piston and 
cylinder head, thus preventing the piston striking the cylinder heads when 
operating at high speed; this assists materially in the operation of the 

The travel of the valve is such that its exhaust edge never passes by the 
steam edge of the steam port, hence steam can only be exhausted throu^ 
the exhaust port. 



PUMP VALVE 'GEARS 



417 




In large pumps, a by 
pass is provided, con- 
necting the steam and 
exhaust ports; the by 
pass is provided with a 
stop valve by means of 
which the compression 
can be regulated. The 
adjustment of this 
valve depends upon the 
speed of the pump^ the 
higher speeds requiring 
more compression. 

The gear bv which 
the motion of the piston 
rods is reduced and 
transmitted to the 
valves is fully shown 
in the accompanying 
cuts. From the illus- 
trations it is seen that 
the piston rod of each 
cylinder is provided 
with a cross head which 
connects with a rocker 
arm. This rodcer arm 
is attached to a rocker 
shaft, having at tiie 
other end a short rocker 
arm, which is con- 
nected with the valve 
stem of the other 
cylinder through a con- 
necting Unk. 

The valve stem is 
not rigidly attached to 
the valve but con- 
siderable lost motion is 
given, as shown in fig. 
762, so that the valve 
is not moved until the 
piston has reached 
nearly half stroke. 



Preliminary to 
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Method of Locating Cross Head Centers. — Usually the 
cross heads of duplex pumps are held in position by a pin, 
which is driven through cross head and rod, after the former has 
been adjusted. It is impossible for the cross head to shift its 
position accidentally, unless the pin should drop out, and even 
then, there is a set screw, holding the cross head against slippage 
by ordinary use, and if such a thing should happen, the best 
way to readjust is to find its former position by the pinhole in 
the piston rod. 



Fig. 763i — A very smafl WoTthington duplex pump. Its dimensions are aafQllows: 2 inchdlam. 
Ht«am cylinder; lH inch water cylinder; 2^ inch stroke. Its capacity is .OIM jallon pet 
revolution; rev. per minute, 80; gallona pet minute. 3.5. Steam pifjo. H inch; eihamit pipe, 
Hinch; aucticnpjpe, l.inch; diacharse, !^ inch. Floor apace occupied, 1'9*XT' wide* 

Sometimes, however, it is necessary to replace the old piston rods by 
new ones, which may be quite frequently, if the water be bad, and steel rods 
are used. In most cases the engineer will find that the rods can be put 
into their proper places without any trouble, as the builders have always 
exact fitting duplicates in stock, but it is better to be sure of this, by maldng 
the following test : Mark the extreme position of the cross head on both 
sides of the pump on the frame or on a wood lathe, wedged in between the 
cylinder heads as shown in the figure. 

If a lathe be not used, the positions of the cross heads may be trans- 
ferred to the frame, by using a small set square. 



Neirt put a mark, on either the frame or the lathe, to correspond with the 
ntral or mid-stroke position of the cross head. This nw be obtained in 
TO digerent ways, both being illustrated in figs. 758 and 769. 

The use of the pliunb bob as in fig. 759 should only be used if the ptimp 
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be leveled properly, 
while the square may 
be used under any con- 
dition, providing the 
piston rods be not 
worn too badly. 

When dropping the 
plumb bob in line with 
the center of the rock 
shaft as in fig. 759, the 
cross head may be 
moved close to the line, 
and its position be 
transferred to the 
frame as in fig. 758. 

In the other method, 
the square is used 
against the hub of the 
rocker arm, and thus, 
it will be seen by 
examining fig. 759 that 
the heel of the square 
does not indicate th^ 
center of the rock shaft, 
but is out an amount, 
equal to one-half the 
diameter of the hub of 
the rocker arm, aiid 
the cross head should 
therefore not be set 
close to the square, 
but a distance, equal 
to the radius of the 
hub, away from it. 
This distance can be 
measured with an in- 
side caliper, or a rule, 
and the position of the 
cross head is then 
transferred to the 
frame as in fig. 758, or 
marked on the lath as 
shown in fig. 764. 

In both of the above 
methods, no marks 
have been made on 
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the piston rod, which is always best to avoid, the cross head having served 
for a mark in both cases 

If the pump be small, there is no difficulty to move the pistons for this 
purpose, but on a large pump, the cross head may be unfastened, so as 
to be free to slide on the piston rod. 

The marks A A, representing the extreme positions of the cross head 
have, however, been taken from one end of the cross head, and thus can 
not come equidistant from the mark C, representing the correct central 
position^ even if the cross head be set correctly. Thus it will be necessary 
to transfer them toward the opposite end of the cross head, an amount 
equal to one-half the length of the cross head, B B, being the corrected 
marks, 

If the position of the marks B B, be not equidistant from the center 
mark C, when the cross head is at the extreme ends of the stroke, it should 
be shifted on the piston rod, until in the proper position, the amount it 
is to be shifted will be indicated by the marks B B, fig. 764. 

It will not be necessary to shift the cross head on the rod, if it be out 
only a small amount, as the duplex pump is not such a sensitive machine, 
to require very delicate adjustment, and often it is foimd, that, if the 



Figs. 765 to 770.— Continued. 

main and auxiliary valves cover their respective steam ports. By means of a starting bar, 
operating through a stuffing box in the valve chest, the piston valve A, is moved towanl the 
head of the steam chest D, thus opening the ports E and L, and admitting live steam 
throu^ L. from the cavities S, of the valve piston to the housing end of the main steam 
cylinder, tnrough the port P fi^. 769, forcing the main piston P, toward the opposite end 
of the stroke, or toward the left m the figure. The pdrt E, fig. 453, being open, the exhaust 
steam escapes from front of the main piston throtM;h the port P, fig. 769, into the main 
exhaust port G, through the port E. The piston P. travels to its extreme left position and 
the auxiliary slide valve has been drawn to such a position* in the direction indicated^ by the 
arrow in the smaller drawing in fig. 765, as to bring valve piston. A, toward the opposite end; 
the exhaust steam from the steam chest escapes from before it, through the exhaust port K» 
the opening of which into the chest is at such a distance from the head as will permit sufficient 
exhaust steam to remain to afTord a cushion to the valve piston. V. ith the auxiliary slide 
valve in position to bring the hole H, over the port J, fig. 770, it is plain that the exhaust 
through the port K, willpass into the main exhaust through the port L. With the main 
piston at its extreme travel toward the right, the ports E and L, which correspond to F 
and F, respectively in fi§. 769, are opened in such a manner as to exhaust steam to the at- 
mosphere from the housmg end of the steam cylinder through the port P, and live steam 
from the chest to the head end of the main cylinder, through the port P, thus driving the 
main piston P, toward the housing end of the cylinder, or toward the right. The piston 
and reciprocating parts traveling in this direction move the auxiliary slide valve to its 
maximum point of travel in the opposite direction, thus opening the opposite auxiliary steam 
and exhaust ports and again driving the valve piston toward the head D, of the steam 
chest, whence a new stroke begins. Lost motion in the valve gear is taken up by adjustable 
links, on all sizes above 7 inches diameter by 10 inches stroke and on some smaller sizes. 
Cushioning of the steam pistons in the larger sizes and upwards is accomplished by, means 
of suitable valves called cushion valves. In the smaller sizes sufficient cushioning is done 
by exhaust steam passing from the clearance space next the head through a small hole drilled 
into the main steam port. 

To set the vaive of this pump it is only necessary to place the piston in its central position 
and adjust the lever so that the valve will occupy its central position. By this proceeding 
the travel of the valve is equalized. 
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entire medhanism be set correctly, the pump will i 
steam, as if slightly out of adjustment.* 



t work as well under 



Figs. 771 to 77B.— Valve Bear of 
Dtan BroM. pump. The auxilUfy 

two diagonal exhaust cavities, 
fi.fii. Thepprts.CCi.and theei- 
haust port, D, are placaJ in a tri- 
angular position with one another, 

is in plate, conneeta the ports Ci 
and D. Cavity Bi. connects tha 
porta C and D, when the valve A, 
IS at the end of the stroke. The 
three small cuts ahow relation of 
auxiliary valve to porta. The pia- 
ton starts from left to right whea 
the valve A, moves in an opposite 
direction, opens the port C, ad- 
cylinder at the rnoment \ht main 
pistcm has reached the end of its 
stroke. The smiliary piston B, 
is forced to the left, opening the 
main port and admitting steam to 



'NOTE. — If a pump work better when sUgbtly out of adjustment it is due to irregularities 
inthestcamand exhaust ports, and is liable to give more and earlier compression on one end of 
the cylinder than on the other and, when rtmning slow, the pistoD will oot travel within tha 
BBmo distance from both cylinder heads. 
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should be adjusted to suit the original position of the cross head, and if 
possible, it will be found very useful, to attach a pointer to the crosshead, 
pointing toward that part of the frame, on which the center and extremes 
of the stroke have been marked. 

By running the pump slow, it will be possible to ascertain the ends of the 
working stroke. 

If the extreme positions of the pointer are marked, which can be done best 
by holding a lead pencil against the pointer, just touching the frame. 
The points, to which the lead pencil is pushed by the pointer on each end 
of the stroke, are the extremes of the stroke, when the ptunp is running, 
and by comparing these points with the marks previously obtained, indi- 
cating the true ends of the stroke, the clearance on each end can be ob- 
tained. 

If there be considerable difference in the clearance on both ends, it is 
best to examine the valves, by moving the pistons by hand to the extremes 
of stroke, as found when running, and noting the port opening at both ends, 
for this purpose the valve chest cover has to be removed. 

If there be any difference in port opening at both ends, this may be 
the cause of the unequal clearance, and a preliminary valve adjustment 
should be made, by equalizing the port opening approximately by eye. 

Various types of pumps are provided with different means for such 
adjustments, but the principle remains the same, that is, to either lengthen 
or Morten the valve stems, as occasion demands. 

Most all types of the smaller sizes are provided with the simple adjusting 
device, as indicated in fig. 762 which consists of a square nut, through whidb 
the valve stem is screwed, and by screwing the stem either in or out, it is 
respectively shortened or lengthened. 

After such a preliminary adjustment has been made, the pump should 



Figs. 771 to 776. — Continued* 

fi^. 775, which varies the travel of the auxiliary valve and reverses the stroke of the main 

i>iston as desired. By raising the stud, the pump will make shorter strokes, and by 
owering it, longer strokes. 

To set the valve, turn the steam chest upside down. Put valve stem through the stuffing- 
box and secure in place the clamp for small slide valve. The diameter of valve stem is smaller 
where the clamp is attached. Now screw up the stuffing box nut (having previously removed 
the packing), then move the valve and stem so that the small port at right of valve will be 
open one-sixteenth inch and make a scratx:h upon the stem close to stuffing box nut. The 
valve should then be moved in the opposite direction to open the other small iport one- 
sixteenth inch and make a second scratch upon the valve stem next to stuffing box nut. Pre- 
pare joint, and replace steam chest on cylmder. To square the valve, slacken the screw in 
cross head and move the latter to the end of stroke with edge of cross head flush with the 
end of guide, then set the valve stem so that the first scratch is flush with the face of nut, 
same as when the scratch was made. Tighten screw in set screw imder valve rod dog and 
move the cross head to the opposite end of stroke, and note the iposition of second scratch. 
If it do not come to the position in which it was made, split the difference by slackening ihe 
set screw under valve rod dog and move the valve rod to equalise the travel of valve. In replacing 
steam chest on cylinder, cover the opening with a thin board, or piece of sheet iron, before 
turning it over to prevent the valve dropping out of place. 
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Pics. Tie toTTS.— Valve gear of 
the Buinham pump. Fi^. 77S 
is a plan of the nam cylinder 
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again be tried tuider steam, and the e^ds qi the stroke should again be 
marked. 

Should the marks denoting the clearance of the pistons again fall on the 
same points as before, and a difference in the clearance on both ends of the 
.stroke be f oimd, the trouble wiU be due to the irregular spacing of the 
ports in the cylinder bore, and there will be little chance for improvement, 
and, tmless the cross head be foimd considerably out of adjustment, it^ 
should not be disturbed, and the final valve adjustment should be made 
to suit the extremes of the stroke while running. 

It, however, rarely occurs that a pump is of such poor workmanship 
as to make proper adjustment impossible. 

The location of the ends of the stroke does not make any difference in 
the manner of adjusting the valve, except, that it must be noted that in 
one case, by the end of the stroke, the extreme positions of the pistons 
when pri^d over, and in the other case the end positions of the pistons when 
allowed to rim, are meant. 

How to Set the Valves. of. a Duplex Pump.^-Place a small 
stick or batten against the end of the valve chest, and mark the 
center of the pin P on the same, as indicated in fig. 762. Then 
move the piston, of the same side, to the other end of the stroke, 
and again mark the. position of the pin P, on the same stick, as 
indicated by the dotted lines. The- two marks M, and N,"thus 
obtained, denote the extreme travel of the jpin P. 

* 

It will now be necessary to pbtain the marks X and Y on the same stick, 
which indicate the positions of "the pin L when the valve has moved from 
. cme lull port opening to the other. * 

\^ ■ ■ •. . - • '■ . . . i 



Figs. 776 to 778. — Continued. 

by the valve piston I, no steam can enter the valve cylinder through it, but the other port, 
K (extending to the extreme end of the valve cylinder), never being covered by the piston, 
is (n>en, and admits steam into th»-space M. As this port is quite small the space fills slowly 
and tl^ piston moves gradually until it uncovers the last port Ji, when the full volume of 
steam is admitted, which quickly moves the piston to the opposite end of the valve cyhnder. 
During 'this movement of the valve piston, the large port J, remain* open to the exhaust 
until it is covered by the valve piston. When the port J, is covered by the valve as at Ji, 
it has no connection with the exhaust, consequently, there being no outlet for the exhaust 
vapor, it is compressed and forms a cushion for the valve piston, I. The valve piston carries 
with it the mam valve D, which admits steam to the main steam cylinder through the 
double: ports B| Bi, and L, Li, fig. 776. The same cushioning and slow starting of the piston 
occurs in the main as in the valve cylinder, each hjiving double ports. 

To 9et the- valve. — Set the lever A, plumb and the valve to cover" alt the ports equally. 



•NOTE. — When sliding the valve from one "full port" to the other, care should be taken 
to do this by moving the valve stem, to obtain the full efifect of the lost motion between the 
-.nut and the lugs on the back of the valve as in fig. 760. 



w 
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Now take a strip of stiff paper, and mark upon it the exact distance: 
between the center of the holes in the valve connecting link, as D and E, 
fig. 779. Try the distance between the marks D and E, on the strip of paper, 
against the marks X and M, and Y and N, and if they should coincide as> 
in fig. 780, the valve is correctly adjusted, and the links should be put into- 
their places, and the valve chest cover replaced. 
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Figs. 779 to 784. — Paper template and batten with center marks as used in adjusting the 
valves of a duplex p\mip as fully explained in the accompanying text. 



PUMP VALVE GEARS 



5TEAM CHEST. 



STEAM CHEST 



Pics. TSS to 739.— Valve gear of the Wtartit pump. To ttl thrn palvr Bxar: 1, Move piitoB 
valve A. uid aUun piiton B, until they strike the heads of steam chest and steam cyrmder, 
fig. 78S. 2, Place clamp D. so as to allow H inch for Nob. 1, 2, 3, 4: M inch for Nos. 
5, «,«H| lmehforNos.7,8,8, 10. 11. 12, IS.fiveport; HinchforNoi.f.S.B lOJl. 12. 13, 

3, Set^tamp DTao^thBt ^ t™ nff^ t™ t£e valve 'red'iD either dlreetionas far bb it will 

K, the clamp will be equally above and below the level. 4, Even up the motion of rocker R, 
■cTEwiogthe upper put of rocker connection L. out or in as required. 5,SettheroIlK. 
in tappet arm I. up or down, so as to allow >/k inch between nicker and roll, when the latter 
is at iu eitreme of travel. Note the little set screw S, in rail stud T, fig. 789. which is adjustable 
to rest on bottom of tappet arm slot, and prevent the roll stud working down after it has 
hena set in its prtiper position. 6. If. when the pump is run under steam, the tip G, strike 
clamp or collar violently before revening its motion, the tappet arm roll K. needs to be raised, 
a little at a time, until such action ceaaes. otherwise the lip is liable to be broken. If. on 
the other hand, the pump run short stroke, drop the roll. The best adjustment is when tba 
tip just Tnisses liitting cUmp and collar, when the purnp is doing its regular work. 
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and it must be either lengthened ah amount equal to the distance EY^ 
fig. 781, or shortened an amount equal to the distance £ Y, in fig. 782. 

Pigs. 783 and 784, show other positions in which the marks on the stick 
and the strip of paper may fall. In both cases, the travel of the valve 
between the two inside edges of the steam ports evidently does not coincide 
with the travel of the pin P, fig. 762, indicating that there is either too 
much lost motion between the valve stem and the valve, as in fig. 783, 
or not sufficient, as in fig. 784. Before attempting to alter this, it is advisable 
to remove the valve entirely, and to see whether the distance between the 
steam and exhaust edges of the valve, as P and G, and H and I, fig. 760, 
correspond with the distances between the working edges of the ports 








LOST MOTION 
ADJUSTMENT 



Pig. 700. — ^Rocker arm and connections as usually designed for large pumps, with lost znotioa 
adjustment. In this arrangement, the lost motion can be adjtisted while the pump is in 
operation. 



K and O, and Q and R, respectively (fig. 761). If these distances agree 
with each other, and the marks representing the valve and pin travel fall as 
in fig. 783, it indicates that the valve has not sufficient motion to fully open 
the ports, hence less lost motion has to be given. Pig. 784 shows fiie re- 
verse of this condition. 

Should the distance, between the edges P and G, or H and I, be found 
shorter than the distance between their respective port edges, an amount 
equal to one-half the difference between E' E and A Y, fig. 784, the steam 
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edge of the valve will over travel the inner edge of the steam port, when the 
vahre is connected up, but the exhaust port would have just full opening, 
indicating that there is some exhaust lap, and if the pump be f oimd to run 
smooth, it is advisable not to tamper with the adjustment of the lost 
motion. 

If it be necessary to increase the lost motion between valve and stem, 
on a punip provided with such an adjustment as in fi§. 762, it can be 
done by decreasing the width of the nut, by filing or machining in a shaper. 

To decrease the lost motion, either a new nut must be provided, or sheet 
metal washers of the required thicloiess may be cut, and placed on the valve 
stem between the nut and the lugs on the back of the valve. 

The method of valve setting just described is only suitable for small 
pumps; the larger ones generally being provided with an adjustment as 




Pig. 791. — ^Lost motion arrangement consisting of yoke M, and block S, pivoted at tlie rocker 
end. In this design the lost motion cannot be changed without altering the length of the 
block S, but the length of the valve stem can be adjusted by means of the sleeve nut N. 



in figs. 760, 761 and 791. The arrangement shown in figs. 760 and 761, 
is very simple, and permits accurate adjustment, but in order to do this, it is 
necessary to remove the valve chest cover. 

The type shown in fig. 791, is mostly used on large and more expensive 
pumps, and permits alterations in the adjustment being made while the 
pump is running. 

In fig. 791, the lost motion can not be altered, without taking off or adding 
to the ends of the block S, but the sleeve nut in the connecting link is a 
good device for altering the length of the valve stem. 

It is seldom the case that the amount of lost motion has to be alter- 
ed, and unless the operator be thoroughly familiar with the details 
and design of the pump, he should not undertake such alterations, as 
the designer knows best what the requirements are. 
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The above directions can not always be closely followed, as the difiFerent 
designs require different treatment, but by thorouf^y understanding the 
above, the beginner will be greatly assisted even with the most com- 
plicated construction. 

Short Rules for Setting the Valves of a Duplex Pump. — 

It maybe helpful in acquiring a knowledge of howto set thevalves 



TVS. 702. — Sectional vieiT of 4nurlc<tndc«p well pninpins head ihowincvtdva. Inthepontioo 
ihonm the ateara is pauing through ports 1. 2, 3, 4, and choke valve G. into the cyhnder 7. 

Piston rod e, is connected to the pumpina rods that eitend down into the well to the wster 
plunger. The number of strokes is rEgutatrd by the choke valves 6. IB and 17. Port &. ia 
opened for the exhauat of steam out thraiigh 9. Just before the piston 10. reaches the vai 

stem 11, is also tumol by a roller ou thecroiabead.atriHnAa fin^r cam on the valve atesn. 
The movement changes the position of the auxiliary valve 12. Steam will then Sow throoah 

is brought 
t ana nelps the regul* 
vei^ht of pump rods is 
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to conader simply the essential operations without the various 
details or methods of performing them as given in the foregoing 
instructions: They may be briefly expressed in the form of rules 
as follows: 

1. Locate the steam piston in the center of the cylinder; 



cover the L 

connect wilh the main eihauat ports. When the piston reacne 

tbua relieved on one end of the valve piston and the Eteani i 
forces the valve pjaton to the opposite end of its stioke, thua 

Bhafti entending through the steam chest carries a toe moving io 
pbton, so that the valve eaa be moved by hand. 

To ie( tht caloe*.— Simply keep the valves in order. Th 
neus the end of theatMks opens and closes the valves. 
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This is aocomplished by pushing the piston to one end of its strike • 
against the cyHnder head and marking the rod with a scriber at the face , 
of the stuflfing box, and then bringing the piston in contact with the.opposite .' 
head. 



2. Divide exactly the length of this contact stroke; 



Shove the piston back to this half mark; which brings the piston directly 
in the center of the steam cylinder; 



3. Perjorm the same operation with the other side;. 



4. Place the slide valves in their central position; 



6. Pass each valve stem through the stuffing box and gland; 



The operation of placing the pistons in the center of their cylinders brings 
the levers and rock shafts in a vertical position; 



6. Screw the valve stem through the nuts; 



The stem is screwed until the hole in the eye of the valve stem head 
in a line with the hole in the links, connecting the rocker shaft. 



7. Put the pins in their places; 



8. Adjust the nuts on both sides of the lugs. 



Leave about one-eighth to one-fourth inch lost motion on each side. 
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CHAPTER 13 
VALVE SETTING 



How to Set the Slide Valve. — In the ordinary valve gear, 
such as the tyjie shown in fig. 794, the eccentric is retained 
in position on the shaft by a set 
screw, and the length of the valve 
stem made adjustable by a thready 
ed end with jamb nut, or equiva- 
lent. The valve stem may, there- 
fore, be lengthened or shortened, 
and the eccentric placed in any 
angular position. 

On assembling the valve gear it 
is found that the dimensions for the 
valve stem length, and eccentric posi- 
tion are lacking. 

In setting the valve there are 
three distinct operations which are 
to be performed in the order here 
given : 

1. Locating the engine on the dead 
centers; 

2. Finding the length of the vahe 
stem, that is, equalizing Ike lead; 

3. Determining the correct position 
of the eccentric. 
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How to Find the Dead Center.— The engine is located on 
the dead center with a tram, such as shown in fig. 795. 

This consists of a piece of one-fourth inch or three-eighth inch tool steel 
rod, of suitable length corresponding to the size of the engine and having 
a small portion at one end bent to a right angle; each end being ground 
to a fine point and hardened. The tram, in fact, corresponds to the bent 
scriber of a scribing block. 

A permanent center punch mark is made on the engine 
frame to receive the straight end of the tram, and a ring of small 
punch marks made around this permanent mark, to easily 
identify its position for future occasions, especially after painting. 




L 



Pig. 795. — ^Tram| or instrument used in finding the dead center of an engine. It corresimnds 
to the bent scnber of a machinist's scribing bloclc 

On a vertical engine, the permanent mark may be located on the column 
or bed plate; on a horizontal engine, on the bed plate, in either case the 
punch mark should be made at some convenient place where the other 
end will reach to the crank disc, or fly wheel. 

The dead center may now be located as follows: The engine 
is turned in the direction in which it is to run until the piston has 
nearly completed the stroke, as shown in fig. 796, crank position 
B. A mark M, to indicate this position, is made across the 
guide and cross head. With the straight end of the tram in 
the permanent punch mark P, as a center, an arc C, is described 
on the side of the fly wheel rim, the surface first being cleaned 
of oil, and rubbed with chalk so the mark is easily seen. The 
engine is now turned past the dead center until the mark on 
the guide again registers with the mark on the cross head cor- 
responding to crank position A. Arc D, is now described with 



VALVE SETTING 



435 



the same center P, and an arc passing through C and D, is 
described from the center of the shaft. That portion of the arc 
included between C and D, is bisected, giving the point E. A 
punch mark is made at this point and the engine turned in the 
direction of its future rotation until E, registers with the bent 
end of the tram when its other end is in P. In this position the 
engine is on the dead center. The other dead center is found 
in a similar manner. 




Pig. 796. — ^Locating the engine on the dead center. In doin^ this as described in the text, 
the engine should always be turned in the direction in which it is to run so as not to introduce 
any error due to lost motion. The tram marks should be made permanent with a center 
INxnch. 

The engine should always be turned in one direction in order 
not to introduce any error due to lost motion in the wrist and 
crank pins. It matters not which direction is followed, the 
object being to have the crank pin pressing against the same 
brass for each adjustment. It is usual, however, to turn the 
engine in the direction in which it is to run^ presumably because 
this is more easily remembered. 

In case the engine has been moved too far at any time, it is 
not necessary to complete the revolution, but merely to turn it 
back beyond the desired point, and then forward again up to 
that point in the direction of rotation thus taking up the lost 
motion each time in the same direction. 
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Adjusting the Valve Stem. — ^Having located the dead 
centers, the second step is to equalize the lead, that is, to make it 
the same at each end of the cylinder. First, the eccentric is 
located *'by eye,'* placing it ahead of its correct position rather 
than behind. 



P05fTIVE LCAD 
EASILY MEASURED 



NEGATIVE LEAD 
HARD TO MEASURE 





^^ 



2 
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Figs. 797 and 798. — ^Positive and negative lead. In setting a valve the eccentric is first located 
"by eye." Hie figures show why it should be placed ahead of its correct position rather 
than behind. 

With the eccentric set ahead, the lead is positive at each end; when 
behind, it will probably be negative at one or both ends, that is, the two 
lead positions of the valve would be about as shown in figs. 797 and 798. 
The reason for setting the eccentric ahead is to avoid negative lead as in 
fig. 798, because it is not easily measured. 

A long wooden wedge should now be provided, tapering from one-half 
inch (more or less depending on the size of the engine) down to "nothing," 
and cut into several pieces as shown in figs. 799 to 801. 




Pigs. 799 to 801. — Wedges for measuring lead. Prepared from a long; piece of wood, tapered 
from one-half inch (more or less depending on the size of the engine) down to "nothing" 
and cut in several pieces. 



With eccentric set well advanced, the engine is placed on the 
dead center, and the amount of lead measured by one of these 
wooden wedges, after which the lead for the other end is found 
in a similar manner. 
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S i In measuring the leads, a suitable 

■g ^ wedge is inserted into the ports as far 

'fi% asitwii1go,asshownin tigs. 802 and 

^-a 803, being caretul tokeeponesideof 

■5% the wedge in contact, that is, parallel 

■g . with the end of the valve, and per- 

•o^ pendiculartotheseat. For each end, 

£5 a line is scribed across the wedge 

•s fi along the steam edge of the port, as 

a^ shown in thefigures; these lines (A 

g I and B, fig. 804) indicate the lead at 

-o 3 the two ends, being located at points 

ll on the wedge where the thickness is 

3J equal to first and second leads. A 

I* line C, drawn half-way between A 

.g-S and B will represent the average, 

■g S or equalized lead.. In taking lead 

J » measurements with a wedge the same 

£Z side should, of course, always be 

"I placed next to the valve. 



fjf 

|13 



The lead may now be equal- 
ized by adjusting the length of 
the valve stem so that the wedge 
will enter the port up to the line 
of average lead (C, fig. 804). If 
thework has been correctly done, 
the lead will be the same at 
each end. 

Finding the Correct Posi- 
tion of the Eccentric. — Since 
the eccentric was set "by eye," 
the lead is probably too great, 
or too small as the case may be. 
To correct this, the eccentric is 
turned on the shaft, in the di- 
rection in which Ike engine is to 
run, until the valve has the 
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desired lead.* The restdts shotdd be verified by testing the lead 
at the other end, and if both leads be the same, the valve has 
been correctly set.f 

Finding the Correct Position of the Eccentric on Large 
Engines. — ^To avoid the frequent turning of the engine from 
one dead center to the other, the necessary adjustments may 
be made by equalizing the port opening instead of the lead. 
The eccentric is turned until it gives the maximum port opening. 



LEAD LINES 



to O 

H < Z 

to tc a 

OC kJ u 




Fig. SCM.—Bqualizing the lead. After obtaining the lead lines A and 6, as in figs. 802 and 803, a 
line C, is scribed half way between, which gives the average lead. The valve stem is then 
adjusted so that the wedge will enter the port up to C, thus making the lead the same at 
each end of the cylinder. 



first at one end, and then at the other. These port openings, 
if unequal, are equalized by adjusting the length of the valve 
stem, after which, the engine is placed on the dead center, and 
the eccentric turned until the valve gives the desired lead. 



*NOTE.— The lead given to engines varies considerably from a small nM^ative lead to 
three-eighths Inch or more i>ositive lead, depending on the type and size of the engine; its 
amotmt is decided upon arbitrarily by the designer but may be varied in setting the valve 
simply by changing the angular advance of the eccentric. In general, the amount of lead 
depends on the speed of rotation, and the inertia of the reciprocatmg parts. 

tNOTB. — ^In order to clearly fix in mind the general principles involved in setting a slide 
valve, it is recommended that the instructions be read a second time, omitting the minor 
details given in the small tyi>e, as these tend to divert the attention from the important 
Operations. 
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Setting the Slide Valve Without Removing the Steam 
Chest Cover. — If the set screw of the eccentric should work 
loose during operation, and the eccentric change its position, 
it may be qiiickly reset without taking off the steam chest cover, 
thus saving valuable time in case of a shut down. 



tXTREME POSITIONS 



eccentric is fastened in any position, and the engine turned until the valve 
is at one end of its travel. A tram mark B, is made on the stem to indicate 
this position, and similarly another mark C. to indicate the other end of the 
valve travel. The engine is placed on eadi dead center and the position 
of the valve located oy the tram. This gives the two linear advance 
positions L and L', of IJie valve, which in case the eccentric has been in- 
correctly set, are at unei^ual distances L B and L'C, from B and C. 

It remains to adjust the position of the eccentric until L B, is equal to 
L' C, as shown in fig. 806. With this condition fulfilled, the valve i> 
ctarectly set. 
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Setting the Slide Valve Without Finding the Dead 
Centers. — In the case of a very large engine where the operation 
of putting the engine on the dead centers would require one or 
more assistants, the following method will be found useful. 
It consists of: 

1. Equalizing the port opening; 

2. Finding the angular advance. 



DS.— Setting the vtSn without putting a. 



Equalizing the Port Opening. — For this purpose a pair I 
of inside calipers may be used when the port opening exceeds 

the width of the port, or if less, a wedge should be used. 



valfe setting 



Pic. 809.— Method of 
findin^r mvence port 
opening with iiwde 
ciuiperft and scriber. 
After Bettine oJi- 



I 

tun 
one 
met 
infi 
for 



as B. in fig. 809. If unequal, set 

calipers for average port opening 
C, m fig. 809, 

Now rotate eccentric until valve 
is at eitiier end of its trave' — "■ 
adjust length of valve stei 
valve gives the average p 
opening according to aven 
setting C, of calipers. 



and placing tne eccentric in 




Compare port open- 
ing at other end and if 
the work has been ac- 
irately done, both port opai- 
js wifl be the same, that is, 
e port opening has been 
ualized, as in figs. 810 and 
1. 

<'indlng the Angular 
vance. — The several 

itions to be perfomied 
in nnmng the angular advance 
angular advance position are: 
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1. Rotating eccentric till 
valve is in lead position; 

2. Finding angjular ad- 
vance; 

3. Transferring angular 
advance to reference mark 
on shaft; 

4. Rotating eccentric to 
angular advance position. 

Perfonning these operations 
in the order given, first rotate 
eccentric until the valve has 
the desired lead and locate 
this position ot the eccentric 
by scribing a line M, on the 
eccentric and U on the shaft 
as in fig. 812. 

Now measure diameter of 
shaft at eccentric with outside 
calipers and set dividers to 
half this length. Wipe all 
grease from the crank and 
chalk same. With one end of 
the dividers in the lathe center 
scribe a circle R, correspond- 
ing to the shaft diameter as 
in fig. 813. 

Next take a smaJl string, or 
preferably strong flax thread 
and make a loop at one end 
and place it around the crank 
pin; pull very taut, holding it 
so that it intersects the shaft 
lathe center, and scribe the 
point F', where it cuts the 
shaft circle. The thread then 
represents the center line of 
the crank. 

Now by means of a level, 
scribe a horizontal line passing 
through the shaft center and 
cutting the shaft drde at L, 
Evidently the angle LAF, is 
the angular advance, which can 
be easily transferred to the 
eccentric by a pair of dividers. 
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Pios. 81S to 817.— Setting an jni 
are measured as in tig. 815. »n 
engine ia placed on eaui dead ce 

unequal due allonsnce should bi 



equalized by sdjuating the valve stem. The 
isurements taken as in tigs. 81S and 817. The 
lE.fig.Sie, equals E',fi8.S17. If M and S be 
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Set the dividers as in fig. 813 to measure the arc M' S, then place cme leg 
of the dividers on M, in fig. 812 and lay off M S, in the direction of rotating. 

Ttim the eccentric till its reference mark M, coincides with S, as in &g. 
814 and secure eccentric in this position, when, if all the operations have 
been properly performed the settmg will be found correct. 

Setting an Inside Admission Piston Valve. — In this type 
of valve the steam edge of the port being on the inside, the 
valve cannot be set by direct lead measurements as with the 
slide valve; use is therefore made of the exhaust edge of the 
valve as a basis for measurements. The necessary operations 
in setting the valve should present no difficulty if the two 
following principles be understood and remembered: 

1. The two extreme positions of the valve must be equally distant 
on either side of the neutral position, 

2. With equal lead, the linear advance must be the same for each 
end of the cylinder , 

Applying the first principle, the valve gear is adjusted so that 
the valve travels an equal distance each side of its neutral 
position. 

To do this, the eccentric is set in any position on the shaft, and the 
engine turned over until the valve has reached one end of its travel as 
position A, fig. 815. The distance E, from the exhaust edge of the valve 
to the end of the cylinder, is measured, and similarly, distance E' when the 
valve is at the other end of its travel, as in position B, shown in dotted 
lines. If the length of the valve stem be not correct, these two distances 
will be unequal. The travel is now equalized by adjusting the length 
of the valve stem until these distances become equal, that is, until E = E', 

Applying the second principle, the engine is placed on each 
dead center, and the distances of the exhaust edges of the valve 
from the ends of the cylinder measured. 

If the eccentric has not the proper angular advance, these distance? 
will be unequal, and it remains to adjust the position of the eccentric imtil 
they become the same, as shown in figs. 416 and 417. 
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When E, fig. 816 is equaj to E' fig. 817 the linear advance 
is the same for each end of the cylinder, hence the lead has been 
equalized and the valve correctly set. 

Before setting &□ inside admission valve as just outlined, the location 
of the ports with respect to the cylinder ends should be carefuUv determined. 
In most cases these are equidistant from the ends, that is, Mi-S, fig. 818; 
if not, due allowance should be made in setting the valve. 

In locating the ports, the measuxements are conveniently made vrith 
an ordinary rule having a strip of metal soldered on the brass end as 



> o[ metal li Boldend on tlw 



shown in fig. 818; in setting the valve, a short steel rule is used. In either 
case a square or straight edge is used in taking the readier to project the 
plane of the cylinder to the rule as shown in the figures. The rule must 
be held plumb with the valve to avoid error. 

Emei^racy Rule for Setting the Slide yalTe.—If the 

eccentric should slip on the shaft, or any other accident throw 
the valve gear out of position, it may be quickly reset as follows: 
The engine is placed on the dead center and the eccentric turned 
a little behind its correct position. 

With the cylinder drain cocks open, a small amount of steam 
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Taklt^ Laths from the Valve and Seat. — It is desirable 

to have permanent records of the valve and seat dimensions, 
which are useful in setting the valve. These dimensions are 
transferred directly to laths or battens made of wood, and 



planed true and square ; they should measure some three inches 
in width by five-eighths inch thick and of convenient length, 
depending on the size of the engine. 
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at right angles with the edges. Similarly the seat dimensioiis are trans- 
ferred to a second lath as shown in fig. 821. The spaces on the laths 
representing the ports and exhaust cavity are painted white, and the valve 
faces and bridges black; the seat batten being painted black at the ends 
between the ports and the seat limits. The ends of the battens should be 
marked H and C, denoting "head end'' and "crank end;" the completed 
battens appearing as in figs. 822 and 823. 

3HDE VALVE 






2 



^ 




SEAT LIMrr Viz. TRAVEL 



Pig. 822 and 823. — Slide valve battens. The ports and exhaust cavity are i>ainted white, 
and the valve faces and bridges black. Lines are drawn corresponding to the half travel* or 
extreme positions, and the ends marked to distinguish head and crsmk end. 

The batten is specially useful with engines having inside 
admission piston valves as a check on the valve setting. 

The cylinder ends as well as the bushings, or valve seat shotdd be painted 
on the batten as, in setting the valve, measurements are taken from the 
ends; the bushings are pamted only part way across the batten to dis- 
tinguish them from the cylinder ends, as shown in fig. 825. The travel 

PISTON VALVE 



H 





NO OF CYLINOfR H^TRAVEL BUSHING 



Pig. 824 and 825. — Inside admission piston valve battens. Thef are especially useful to check 
the valve setting. The ends of the cylinder should be indicated on the seat battens in 
addition to the bushings. 



of the valve is ascertained and indicated by lines which register as shown 
in the figures; thus the battens may be placed so as to show the extreme 
positions of the valve. 
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Ques. Of what particular use are battens? 

Ans. They are helpful in the absence of an indicator to verify 
the setting of inside admission valves, and more especially to 
check the machine work on the valve and seat; if there be any 
errors in the location of ports, etc., they may be discovered by 
carefully transferring the various measurements of the valve 
and seat to battens for comparison. 



L 



Flc, 8M.— Showing rimflarity between the main i 

Elide valve. The main vaWo is limply s plain n v«ivc. u»vi 

Settii^ the Ridhig Cut Off Gear.—There are two types 
of riding cut oft gear in general use, the first having a movable 
(rotating) eccentric, and the second a fixed eccentric, but having 
an adjustable cut off valve, known as the Meyer valve. The 
method of setting the valves for each type will now be described: 

1. The Riding Cut Ofi, Movable Eccentric. 

The main valve is set in the same manner as the ordinary 
slide valve. 
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To avoid confu- 
sion, it suffices to 
rwnember that the 
main valve is noth- 
ing more than an 
ordinary D valve 
having steam pass- 
ages at its ends, and 
planed on its back 
to form a seat for 
the cut off valve. 
In set tingthe valve, 
therefore, the outer 
end walls are to be 
ignored. 

The relation be- 

valve, and an or- 
dinary D valve is 
shown in fig. 826, 
the latter being 
illustrated in solid 
black section; the 
main valve has in 
addition to this, 
the portions shown 
at each end which 

passages S and S'. 

b. The engine is 
now turned in the 
direction in which 
it is to run, until 
this valve is in its 
neutral position.* 

•NOTE.— ITiB maoa 

in Lta TiflutnU position ia 
to facilitBte thiA adjiut- 
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To locate the neutral position, the engine is turned over until the main 
valve comes in the extreme positions A and B, as shown in fig, 827, and a 
reference mark for each, made on the valve stem with a tram, having one 
end ID a convenient fixed center P. The distance A B, is bisected, giving 
the point M, the three points being permanently located with a center 



EXTREME POSITIONS OF CUT OFF VALVE 



'iG S2B. — Egusliiing She trsvel of Ihs riding salve. With ths main valve in nmtral poiilioii, 
and cut on eccflntric kxnened. the distancea B and P. are meaiured for the two extreme 
positiooi and the valve stem adjusted untit tboM distances becnme equal. 

punch, and care being taken that the points are in a straight line parallel 
to the stem. 

The valve is now placed in its neutral petition, by turning the engine 
in the direction of its rotation until the point M, registers with the end 
of the tram as shown in the figure. 



c. The next step is to equalize the travel of the riding valve, 
that is, to adjust the riding valve stem or eccentric rod to the proper 
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knglh so that the valve will travel an equal distance each side of 
its neutral position-i 

With the main valve in its neutral position, the movable eccentric is 
loosened oo the sbaft, and turned in the directum in which the enrine is to 
positions A and B', 

The distance from the steam edge of the riding valve to the end of the 
main valve is measured for the two positions. If the valve stem be too 
long or too short these distances will be unequal; the valve stem or eccentric 
rod, in this case, should be adjusted until these distances £ and F, are equal 
as shown in the figure.t Having equalized the travel of the valve, tram 
roarks A', B', M', indicating respectively the extreme and neutral positions, 

CUT OFF VALVE CLOSING STEAM 



Fig. 829.— Ridiiig vs.1ve in cut o5 postion. To locate eccentric for any dcaind « 
ensue over till piston ia at the desired point of cut off, then turn nding eoccn 
diTVction of motion till riding; valve a in cut off position u shown. 



d. To complete the setting, it remains only to find ike position 
of the movable eccentric which wiU give the desired cut o^. 



„ , , . ..jurements Emd P, fi 

mth respect to the aletm edges of the cut oft valve, lines being lightly se 
m.iii valve to indicate the eittrjui posCiooi. 
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If the valve gear is to cut off at, say one-half Btroke, the engine ia turned 
in the direction in which it ia to run to this point of the stroke, and the 
movable eccentric turned in the same direction until the cut off valve has 
just close \ the steam passage through the main valve as shown in fig. 413; 
the eccentric is now fastened in position. 

e. When the riding cat of valve is operated by an auiomatic 
governor, as in many stationary engines, this last step is, of course, 
omitted. 



WE6ATIVE LAP 

Pic. S30. — Thi lidioc cut off with fixed scccntric. Bhowins cut OB blocks M, S, Kremd tonthcr 
when wttinc the valve*. The cut off ii latest when the bloclu br together, dspendiiH ou 
the iWEstive lap. After Mtting the vulves. the blocka should b« fully extended W earliest 
cut off^to see il there be any nopeoing after cut off and beion the main valve he* doeod. 



When the engine ia provided with a governor, the travel of the cut off 
valve may in some cases be more conveniently equalized, by locating the 
center of the valve seat with a line scribed on wo side or flange <m the 
steam chest, and equalizing the travel of the cut off valve with respect to 
this hne instead of the mam valve. By this method it is not necessary to 
retain the main valve in its neutral position while adjusting the cut oS 
valve; hence the loose eccentric need not be disconnected from the govetunr 
in making this adjustment. 

2. The Ridii^ Cut Ofi: Fixed Eccentric 

This type of riding cut off is set in much the same way as 
the preceding fonn. In making the adjustments, the important 
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principle upon which the gear is based should be understood, 
and kept in mind, viz. : the angular advance being fixed, the cut 
off is varied by changing the lap. The valves are set as follows: 

a. The main valve is set in the same manner as the ordinary 
slide valve. 

b. To set the riding valve, the riding blocks M, S, are first screwed 
closely together as shoivn in fig, 830; this being their • position for 
latest cut off. 

C, The travel of the riding valve is now equalized by the method 
described on page 452, and the riding eccentric located in the 
position best suited to the conditions under which the engine is 
to be operated. 

For a marine or reversing engine, the riding eccentric is set opposite the 
crank, that is, at 90 degrees angular advance, since the motion of the cut 
off valve is then correct for both forward and reverse motion; in this 
position an equivalent motion of the eccentric may be imparted to the 
valve stem by the cross head through a lever, thus dispensing with the 
eccentric. The angular advance of the riding eccentric on stationary 
engines is usually a little less than 90 degrees. The effect of reducing the 
angular advance is to require a smaller movement for a given change of 
cut off. 

The riding eccentric should be so located that it will give the most rapid 
closure of the steam ports for the cut off mostly used. 

d. The engine is now turned over to see if there be any reopening 
of the riding valve after it has cut off and before the main valve has 
cut off. Similarly it should be observed that there is no reopening 
for earliest cut off, 

e. In case the cut off valve reopen before cut off of the main 
valve, this must be corrected by altering the position of the riding 
eccentric. 

Setting a Link Motion. — ^Adjustments of the link gear 
should be such that the steam distribution will be favorable to 
smooth running and economy for the particular degree of ex- 
pansion at which the engine is generally run. For instance, 
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engines which work in full gear require a setting different from 
those which cut off short; the final adjustments therefore should 
be made with respect to obtaining the best results for the gear 
position mostly used. In get>eral, setting a link motion com- 
prises the following operations: 

1. Equalizing the travel; 

2. Adjuring the eccentric rods to uniform length; 

3. Finding the correct positions of the eccentrics; 

4. Making final adjustments for best steam distribution in the 
gear position mostly used, 

fi MUST CQUAL R 

EXTREME POSITION 





MID-GEAR 



Fl(^ 831 and 832. — Setting the link motion: 1. Equalising the travel by adjusUng ike vahe 
tiem. The eccentrics must be placed in extreme position and link in mid-gear. 



Equalizing the Travel. — ^With the engine on the dead 
center, both eccentrics are turned on the shaft to the extreme 
position and the link placed in mid-gear as shown in figs. 831 
and 832, If the length of the valve stem be correct, the valve 
should be in its extreme position, that is, the port opening A, 
for this dead center should be the same as port opening B, for 
the opposite center. 

In case the port openings be unequal, the travel of the valve must be 
equalized by adjusting the length of the valve stem, op the eccentric rods, 
whichever be the more convenient. • . 

Adjusting tlie £ccentric Rods to Unifarm Length. — 

Both eccentric rods should be of the same length, and probably 
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will be when not made adjustable. If both rods bo of the same 
length, the position of the valve is imchanged for either full 
gear position when the engine is on the dead center and the ec- 
centrics are in the extreme position. 

To adjust the eccentric rods to uniform length, the engine is placed on 
the dead center, with the link in full gear and the eccentrics in the extreme 
position as shown in fig. 833. 

The position of the valve or stem is marked in such a way that any 
movement in either direction can be measured. If both rods be of the same 
length, the mark on the valve stem wiU retimi to its original position when 




FORWARD FULL ^£An 

Fig. 833. — Setting the link motion: 2. Adjusting the eccentric rods to uniform length. The link 
is placed in forward full gear position. If rods be equal position of valve should be the same 
when link is shifted to reverse full gear. 

the link is shifted to its opposite or reverse full gear position; if the mark 
be displaced in either direction the reverse rod should be adjusted until 
the line returns to its original position. It is rarely necessary to make 
this adjustment, except when a gear has been completely dismantled. 

Finding the Correct Positions for the Eccentrics. — 

With the engine on either center, the link is placed in the for- 
ward full gear position, and the eccentrics ttimed from the 
extreme position until they are at right angles with the crank, 
that is, where the angular advance equals zero as shown in 
fig. 834. The forward eccentric is now turned, in the direction 
of forward rotation, until the valve shows the desired lead as 
in fig. 835. 

Similarly, the link is shifted to the reverse full gear position, fig. 836, 
and the reverse eccentric turned, in the direction o/ reverse rotation, until 
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the proper lead is obtained as shown in fig. 837. Each eccentric is fastened 
after locating its position, and the results tested by trying the leads for the 
opposite centers, which completes the setting for engines operating in full 
gear. 



ZERO >^NeULAR ADVANCE 



NEUTRAL POSITfOIVI 




FORWARD FULL GEAR 

Pig. 835. — Setting the link motion: 3. Locating the eccentrics — Ant Mtep: Both eccentrics are 
placed at zero angular advance, that is at right angles to the cxwk, bringing valve into 
neuUal position. 

Final Adjustments. — ^Por engines which use the link motion 
as a variable expansion gear, the best resxilts are obtained 
when the valve is set to give the proper lead for the "running 
cut oflE." 



LEAD POSITION 



FORWARD ECC. ADVANCCD 





FORWARD FULL GEAR 

Pig. 834. — Setting the link motion: 3. Locating the eccentrics — Beeond atep: With link^ in 
forward full gear, the forward eccentric is advanced until valve shows proper lead, bringing 
valve into its forward linear advance position. 

This applies especially to locomotives and engines which usually run 
with a considerable degree of expansion. Since the lead increases from 
full to mid-gear, it is obvious that if it be correct in full gear, it will be too 
great when hooked up for short cut off working. 



The lead may be corrected for the running cut off, by placing 
the link in the running position, and setting back the forward 
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or reverse eccentric, or both, in equal or unequal amounts until 
the desired lead is obtained. 

The particular method of correcting the lead depends on the conditions 
of service. For engines which run mostly in forward gear, as express 
passenger engines, it is of little importance if both eccentrics have the same 



NEUTRAL 
POSITION. 





REVER8E FULL GEAR 



Fig. 836. — Setting the link motion: 4. Locating the eccentrics — third step: The link is shifted 
to reverse full gear position, bringing valve back to its neutral position. 

angular advance, however, for suburban tank locomotives, or those running 
considerable distances- in each gear both eccentrics should have the same 
angular advance. 



UEAD POSITION 





REVERSE. 
FULL OEAfl 

REYEnSE EOC- ADVANCED 

Pig. 837.-;— Setting the link motion: 4. Locating the eccentrics — fourth step: The reverse 
eccentric is advanced until the valve shows the proper lead; this moves the valve to its 
reverse linear advance position which completes the setting except when final adjustments 
are made to adopt the link motion to special running conditions. 



The following table shows the practice of several railroads 
with respect to the lead. 



NOTE. — When the link block is at one end of the slot, the valve partakes of the motion 
of the eccentric attached to that end of the link. When the block is not at the end of the dot, 
the valve partakes of the combined motion of the two eccentrics, being the equivalent of a 
virtual eccentric of decreased throw and increased angular advance. 

NOTE. — ^The obiect in curving a link block is to equalize the lead for all travels of the 
valve. To accomplish this it is necessary to have the radius of curvattu^ of the slot such as 
will make the increase or decrease of the lead the same for both strokes of the piston. 
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Table of LeadB for Locomotives 





Forward 
full gear 


Reverse 
full gear 


Lead for 

running 

cut c^ 


Illinois Central 


+J6 




+56 




Chicago <fe Northwestern (Allen Valves), . 


-«5 




+H 


New York, Hew Haven & Hartford. . . . 


+ H6 


-H 


+}i 


Lake Shore & Michigan Southern 


-Hi 


-% 


+Mi 


Chicago Great Western I 


zero 


zero 


+H* 



*Por Mogiil freight engines; with this exception the data in the table relates to iMtsaenger 
locomotives. 

The diverse settings given in the table are due chiefly to the peculiarities 
of the several designs; the length of the eccentric rods has a marked 
influence on the methods followed in the different cases. It should be 
noted that the several railroads substantially agree on the amount of lead 
f ojr the rtmning cut off. 



Valve Setting with the Indicator. — ^An important use of 
the indicator is to check the valve setting, for if the adjustments 
be not correct, the errors can be plainly located by taking cards. 
The accompanying cards show the distortions produced by 
various adjustments. 

In setting a valve, changes in the steam distribution can be effected, 
either by shifting the position of the eccentric upon its shaft or by length- 
ening or shortenmg one or more of the rods connecting the eccentric with 
the valves. The result attained in either case should be clearly under- 
stood, since if it be attempted to make the needed adjustments in the 
wrong place, the engine may be put in worse condition than it was originally. 

Changing the regular position of the eccentric either hastens or retards 
the action of the valves. Moving the eccentric ahead makes all the events 
of the stroke which are dependent upon the eccentric come earlier in the 
stroke, while moving back the eccentric causes all the events to occur 
later in the stroke. 
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od the piuper angular advanoa of a littla num than 

^^ ,.,. — — ,_ ,- - ,--y ,_itric Corliss «Tisiii«) and cut off and comprcasion werv 

e a4 nearly equal aa possible. In card Ko. 2 the angular advance was increased. Tn 

card No. 3 the angular advance was made still greater, la card No. 4 the eccentric waa 
shifted back so that there was no angular advance. Card No. 5 is a crank end card and 
^ wad taken when the eccentric was moved ,^vay back and gave a negative angular advance. 
Tbe diaerarn *aa traced in the direction indicated hy the numbers. Admissbn occurs at 
1, out off at 2. release at 3. Card No. fl is a similar diagram from the head end. In card 
No. T the eccentric is Tnoved backand the rods adjusted to give correct atram distribution and 

derived its motion from the eccentric rod instead of from the cross head and the diagram 
ahovts the working of the valves of the ei^fine. when the indicator drum is moving at Its 
greatest speed; and thus any peculiarities in the action of the valve are magnified. Com- 

fenffth. In card No, 9 the head end e^iaust rod was lengthened and there is too muUi 
coEDpRuion at a. In No. 10 the rod is made still longer. In card No. II tlie head end 
eshuist rod is made too short and there is too little compression at b^ 



}TE. — An tngin* prop 
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In the Corliss engine the point of cut off is determined by the governor 
instead of by the eccentric, and so only the points of admission, release 
and compression are affected by shifting the eccentric. In the case of a 
slide valve engine it affects all the events. 

In a slide valve engine an adjustment of the length of the eccentric or 
valve rod simply changes the position of the valve so that it will have more 
lap or lead at one end than before, and less lap or lead, as the case may be, 
at the other end. 

In the Corliss engine an adjustment of the eccentric rod produces the 
same result, increasmg or decreasing the lap or lead, as the case may be, 
at one eiid of the stroke, while it has the opposite effect at the other end. 

The lengths of the eccentric rod or gab rod on a Corliss engine, however, 
should never be changed, unless it is found that the intermediate rocker 
ahd wrist plate do not triavel equally on each side of a vertical center hne. 

All the rod adjustment should be made in the radial rods extending from 
the wrist plate to the four valves. Adjusting any of these rods, of course, 
affects only the valve to which each rod is connected and will' give greater 
or less lap to that valve, according as it is lengthened or shortened. 

If more lap were given to an exhaust valve in this way, for example, 
the valve would open later and compression would occur earlier, since the 
valve would dose earlier. The port opening would also be less. If less 
l&p were given to the valve the reverse of these conditions would be true. 
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READY REFERENCE 

INDEX 



A 



Absissoe» def., 58> 50. 
Absolute, pressure, 17. 

steam engine, 61. 

temperature, def., 21. 

zero, 21, 35. 
Actual cut of!, def., 197. 

mean eilective pressure, 73. 
Absorption dynamometer, 93. 
Adiabatic expansion, 54. 
Admission, area, formula, 70. 

double, ills., 294. 

inside, ills., 292. 

outside, ills., 292. 

piskm valve, ills., 292, 299. 

inside, setting, ills., 444-446. 

quadruple, 305. 

sLide valve, dei.f 190. 
modified, ills., 292. 
openf ills., 195. 
position, ills., 197. 
Advance, angular, 238, 245, 441-445. 

linear, eccentric, ills., 238. 
Allen, link, ills., 334, 335. 

valve, ills., 208, 209. 
principles, 294. 
American Ball, cut off, ills., 253. 

rock shaft, ills., 231. 

variable speed mechanism, ills., 399. 
American pump valve ^ear, ills., 430. 
Ames, connecting rod, ills., 149. 

cross head, ills., 139. 
Angular advance, eccentric, 237, 238. 

method of, finding, des., ills., 441-445. 

variable cut off, 245. 
Angtdarity, of connecting rod, effect, des., 

ills. 154. 
Apparent cut off','ills.,'l96, 197. 
Area, admission, formula, 70. 

circle, formula, 80. 
Armington and Sims valve, 295. 
Asymptotes, ills., 60. 
Atlas steam engine, ills., 54. 
Atomic wcijght, 1. 
Atmospheric, engine, Newcomen's, ills., 36. 

pressure, def., 2, 13; 14. 

barometer readings, 18-20. 
variability, 15. 



Automatic, cut off, engine, def., 243. 

governor, Nordberg, ills., 390. 
throttle valve, def., 383. 
Auxiliary, governor devices, 397. 
piston pump, ills., 413. 
valve pump, ills., 413. 
Axes, rectangular, equilateral parabola* 
iUs., 60. 



B 



Back pressure, ills., 68, def., 69. 
Balanced slide valve, 187, 291. 

Richardson, ills., 291. 
Balancing cylinder, steam engine, iUs., 300. 
Ball and Wood connecting rod, ills., 142. 
Ball, governor, ills., 389. 

speed ranger, ills., 382. 

valve, ills., 307. 
Band fly wheel, 176. 
Barometer, ills., 13, 15, 18, 19. 
Battens, valve, ills., 426, 449, 450. 
Bearings, 165-17i. 

brasses, 142-144, 146, 230. 

liner adjustment, main, iUs., 166. 

locomotive, ills., 169. 

main, 99. 

marine, ills., 171. 

outboard, pillow block, ills., 170. 

requirements, 165. 

self oiling, ills., 170. 

simple, 165. 

two piece, 167. 
Bilgram diagram, 211, 213. 

application, 276. 

main valve, 264, 268, 279. 

mid-admission, 289. 

riding cut off, 288. 
Blake pump, valve gear, ills., 411. 
Boiler, elementary, xlls., 17. 

pressure, 65. 
Boiling point, ills., 2, 3, 13, 28, 34. 
Bolt, crank shaft, taper flange, ills., 164. 
Bonnet, valve, ills., 99. 
Box, journal, locomotive, ills., 169. 

link, ills., 329. 

piston, ills., 117, 119. 
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Boylc'9 Ian, ilU., M, GS. 
Bnke, horit fvvrr, 93, M. 

prony, iUi., SS. 

rope, illi., SG. 
BlUMa, \*2, 143, 230. 



BnxnullttMiiii «i«i», IZI, IM, ISA, 231. 
Bndnya, Eovantor, ill*., 306. 
BoSalo. puinp, vslve aei, ilk., WS. 



CaJipen. vn of, 91*., 441. 
Camaron pump, vilva seu, iUi., 40S. 
CMd, indicator, «« Indioior diaanm. 
CeaUr, cnnk ihaf t, daa., 160. 

dead, iteam csgina, ISl, 43S. 
Centianda Male, illL, 110. 
'"—'-—', control, ihaft eovernon, 
364, 378, STB, 392-307. 



CeiitnfiifEMl, tfmt 

364, df 

foica, d«a., 174. 
Cbuiiller ft Tayliii> cnsiDa, 131, 306, 404. 
Circle, ana, fonnuh, SO. 
Oark so woor, Ul*.. 897. 
Ckannce, 68, GO, 75, 106. 
dfiv cioB bead, ilU., SB. 
Compound engiDB. Reave>, aactioiii ilia., 290. 
Comprenion, 201. 

curve, iSi., B6. 
Cooe, BovernoT, Ball eofin 

piAoD, ilb., 119, 120. 
CoodeiuBtion otitaam, 33, -., _., 
Condcnier, elamentary, parti, 38. 



1, 33, 34, 37, 166. 



e, dsf., 47. 



anaularitv. ^, 154, 190. 

^t and Wood, nil., 143. 
built up, illi., 146,147. 
compoaitioa, 143. 
Bclipse Co^u, illi., 141. 
hat^t end type, de*., illi., 140. 
teDSl1i,14S. 

Phoenix, illiu, 144. 

Sturtevant, ills., ISO. 

WeatmsliouiB, ill*., 150. 
Coniarvatioil of energy, lawi, 13 
Cooitaat, expaiuiani diag., 66. 

hone power, 87-86. 
CooMant lead, (Ode valve, 193. 
Ca4iiiinatea, det., 69. 
Convection, heat, illt., 6. 
CotUu engine, connecUng rod, ilia., 143. 

fly wheel, ina., 1747175. 



CoHlaa ancbw, — CoMfniwl 

Indicator caid, 76. 

Murray, parti, ill)., 69, 170. 
Gotten, connectiDs ml, iUi., I4B, 147. 
Counter-iTcdsht, eteam engine, use, 160. 
Cfankb), angidaT poaition, ills., 363. 

aim, dimeniion, 15S, 160. 

compared with eccentric, illi., 237. 

end, (teem engine, def., 90. 

key, Dli., 158. 

pLd, aetioD on, illi., 151-154, 153, 159. 



toDbUin,dIag., 367. 

transferring, 364. 
■equence of, dcs., 164. 
ibaft, 156-164. 
ran h«d. DumD. 41S. 4IS. 



[cke, ills., 62. 



a^ted by aaBnlarity of rod. 15S. 
appanot, «08, 196. 
cruik, SIS, 370. 
aari>,ills.,344. 

defecti, ilb., 354, 356. 

Tuied,207. 
far, 366, 270, 2S3. 

Rider, illi., 359. 

ridinB, Uli., 490-404. 

Gonienbacti, 258- 
(aHrmn.8S8. 

automatic, Nordbeig, ilia., 860. 
indtpttidait,iSi. 

Unlc motion, in*., 83S, 320. 

parta, 356. 
Ute,lUi., 344. 

tcrI, 63, 68, 196, 1ST. 
rtdMf, 357, 263, 278. 

angular advance, SOS- 
fixed ecceatiic, illi., 453, 4S4. 
iniide and outside edges, ilia., 26 
movable eccentric, 450. 
neutral position, ilia., 4S1. 
aetting, Uli., 450-454. 
alusBiab, 271. 

travel, equaliiins. iUa., 453. 
miMtVifli. 

angular advance, 376. 

Up, 337. 

Stephenion link, S26. 
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Cut off, oaHabie, — Continued 
travel, 290. 
variabU, 243-290. 
early, 254-256. 
gear* Rider, ills., 259, 
principles, 245. 
riding, 262. 
shifting, eccentric, ills., 246, 247, 

251, 252. 
swinging eccentric, ills., 248-252. 
offset. 251. 
▼aiious, ills., o3. 
Cylinder, steam engine, 103-109. 
balancixig, ills., 300. 
calculations, O?. 
dimensions, 94^ 90, 102. 
high speed engine, ills., 184. 
insulation, 106. 
jacketted, ills., 107-100. 
operation, 106. 
parts, ills., 104, 105. 
pressure springs, iUs., 117, 119. 
size, 94, 99, 102. 



D 



D valve, ills., 179, 188. 

Davidson ptimp» valve jgear, ills., 410, 413. 

Dead center, steam engine, 151. 

locating, ills., 434, 435. 
Deane pump, valve gear, iUs., 406, ills., 422. 
Diagram factor, ills., 74-77. 
Diameter cylinder, 99* 

flv wheel, 173. 
Double, admission piston valve, 294, 295. 
ported valve, ills., 295, 299, 300-302. 
Dry steam, def., 24. 
Duidez, metallic packing, ills., 110. 

pump, cross nead centers, 418, 419. 
rocker arm. ills.* 428. 
valve gear, uls., 415-417. 

setting, 425-432. 
Worthington, small, ills., 418. 
Dynamometer, absorption, 93. 



E 



Early cut off, 207. 
Eccentric. 243, 246, 248, 251. 

an^pilar advance, 237. 

Heilman gear, ills., 247. 

key, ills., 137, 141. 

large, ills., 240. 

linear advance, ills., 238. 

loose, ills., 309-316. 

marine, loose, ills., 312, 313. 

objections, 238. 

of set, swinging, 251. 

valve gear, ills., 229. 

position, during one stroke, ills., 52. 
finding, 437, 438. 

reversing, ills., 309-316. 



Eccmntrie,^-ContiHued 

riding, 279. 

rod(s), 226, 233-242. 

connections, ills., 234. 
double reach, ills., 319. 
Erieco, des., ills., 242. 
formula, 242. 

high speed engine, ills., 235. 
marine, 235, 241. 
open and crossed, 322-325. 
outside, ills., 235. 
rectangtdar, ills., 234. 
shifting, ills., 246-248. 
strap, ills., 226, 229, 234, 235, 236, 239, 

241, 242. 
swinging, 248-252. 
throw, 236. 
variotis, 241. 
virtual, 277. 
Eccentricity, slide valve, ills.. 203. 
Eclipse Corliss connectixig rod, ills., 141. 
Effective pressure, 73. 
Energy, conservation of, 9, 11, 12. 
Engine, see Steam engine. 
Equal lead^ slide valve, 194. 
Eneco engine, crank shaft, ills., 162. 
Exhaust, arch, iUs., 186. 

cavity, ills., 1j04, 217, 280, 291. 
edge, ills., 181, 182, 186, 280, 446. 
lap, ills., 180, 188, 301. 
lead, 193. 

lines, long, pipe for, 217. 
openmg, ills., 199, 204, 215, 306. 
passage, ills., 104, 181, 182, 294, 295. 
port, ills., 104, 105, 180, 181, 182, 1«4» 
214, 215. 
Ezi>ansion of steam, 53. 
adiabatic, 54. 
constant. 66-67. 
curve, 57, 62. 

hyperbolic, 58, 59. 
theoretical, 61, 62. 
gain, steam engine, 62. 
isothermal, 54. 
number, 64. 
rules, 64. 
Expansion, valve gears, 243. 

of water, 27. 
Expected, and theo. card, Corliss engine, 76. 

mean effective pressure, 76. 
External latent heat, steam, ills., 30, 31. 



F 



Factor diagram, 74-77. 

Fahrenheit scale, def., ills., 20. 

Fink link, des., ills., 336, 337, 338. 

Fishkill'Corliss engine, cross head, ills., 137. 

Fitchburg governor, ills., 303. 

Fly wheel, steam engine, 48-50, 171-178. 

Buffalo, 249. 
Follower ring, ills., 116. 
Foot-pound, def., 9. 
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Force, (ouriCunJ, 174, 3Te. 
tormiila, 80S. 

frecnnc. mter, illi., 28. 

pUBllerognun. compoiuat, ISl, 153. 

raultant, illi., 151. 
FcHved center cianl: ihaft, ills., Ifll. 
FonnuliliB), MntrifuDiil force, 388. 

circle, ana, 80. 

cylinder dimensions, 97, 99, 102. 

fly wbeel speed, ITS. 

goveraor, 36B, 370, 371. 

bone powei. 78, 81-35, 92, 04, »:. 

preflaUTE, me&a effective, 102. 

simm, eipaiuion, S4, 62. 

volume of suwrliated, 4S. 

thrust, piston, IA2. 

valve stem, ScBton'i, 326. 
Forward pntsim, ills., Bg. 
Fnesne point, watm-, Qls., 3, 23. 
FnltOD'CoTliss croea h«d, Os., 13S. 
Fmlon, ilia., 27, 28. 



Gallon, water, U. S., weight, 4. 
GanliieT sovemor, illi., 3S4, 385, 387. 
GaHDua matter, ill*., 24. 

Oaar, «ee Valva gear. 

Qib, iteam engine, 127, 131, 132, 137; 148. 

Giddins* valve, ills., 301. 
OoauDbach cut off valve, ills., 237-261. 
Oooch link, da., 318. 
QoTBmorh), iteam encine, 363-402. 
' aiuiUary devices, 397. 

centrifusal,364, 376, 378, 396, 397. 

^ose regulation, 891. 
cone, Uls., 308. 
cut oS, 38S, 390. 
hunting, 374. 
inertia, 375. diag., 376. 
isochrtmoua, 374. 
loaded, 839-^1. 
parabcOic, 373, 374. 
penduhud, 365, 874. 
noulation, 879, 390. 
Ubiet, illi., S7S. 
Ritca, ills., 392. 
Ruisell, ill)., 397. 
•enaitivenen, 371. 
■haft, 392-^7. 



mptei 



■\, 401. 



H 



Haekworth geai, du., Cls., 340-348. 
HBirii.CorliiE, engine parts, 107, 174. 175. 
Hairiibuig governor, ait-, 303. 
Hartwell BovemoT, ills., 389. 
Head end, ttcam engine, def., 90. 



latent, def., G. . 
i^iec^c, dbf., I 



t, & 
laoiation, lus., 6. 
•eniible, def., 5. 
•team, 30, 31. 

unit, 8, 10. 
Heanian gear, HU,, 2*7. 

High ipeed engine, 96. 

»rti. 119, 184, 235. 

Erie City, illi., 932. 
HoDow piston. HunsyCorliu, ilia., 118. 
Hoosier thiotuing governor, ills., 383. 
Horitontal enginB, automatic cut oB, 233. 

EBrti. illi.. 48. 



itney, itlg., 1 
TlW, 188^' 



Ice, fuiion, heat energif , 27, £8. 

fpeofic gravity, volume and waight, 1. 

to iteam, ills., S4-32. 
Ide double port valve, ills., 295. 
Ideal engine, eccentric ittmp, dee., 240. 
Independent cut off valve gear, 360. 
laertia, control, iUi., 394, 395. 

def., 172, 875. 

govemor, ills., 379, 876. 
Indicated bone power, 79. 
Indicator, iteam engine, ilb., 85, 91, 02. 
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Indicator dia§7am» back pre«nu«» 68. 

oompressiony 60. 

construction, 65, 56, 58, 59, 66, 85, 87. 

Coliss engine, 76. 

cut off, various, 63. 

diagram factor, 75. 

expansion, 58, 59, 61, 66. 

expected card, 101. 

hsTpterbolic logarithm, 70. 

initial, pressure, 64. 

mean, dfective i»essure, 69, 70, 87. 
forward pressure, 68. 

steam expansion, advantage, 61, 62. 

summation of oxmnates, 87. 

terminal pressure, 65, 67. 

throttling governor action, 386. 

valve adjustments, 461. 

various losses, 74. 
Indirect, rocker. Brie City engine, ills., 232. 

valve gear, 233. 
Initial, condensation, def., 196. 

pressure, steam engine, diag., 64, 65. 
Inside, admission, ills., 292. 

valve setting, des.^ ills., 444-446. 

out off edges of valve, Uls., 262. 

lap, ills., 189, 198, 200. 

lead, 193. 
Internal latent heat, des., ills., 30, 31. 
Isochronous, governor, 374. 
Isothermal expansion, 54. 



J 



Jacketed cylinders, steam engine, 107, 108. 

^ oule's equivalent, 10. 

^ oumal box, locomotive, ills., 169. 

, by valve gear, ills., 355-359. 

^ udson throtthng governor, parts, ills., 380. 

Junk packing, ills., 114. 



K 



Key, crank, proportions, 158. 

cross head, 141. 

piston rod, 123. 
Keirway, shaft, ills., 157. 
Kinetic energy, ills., 11, 12. 
Knowles pump, valve gear, ills., 409. 



^ valve gear, 420. 
», exnausi, iiis., xou, X99. 
formuls, 212. 

inside, ills., 188, 189, 198, 200. 
latest cut off, 281. 
Marshall gear, ills., 350. 
negative, 189, 190, 210, 262, 275, 282. 
outside, ills., 188. 
positive, ills., 189, 190. 
variable, 278. 



Latent heat, 5, 27, 29. 
Lead, 191, 192. 
equalf 194. 

giualudng. ills., 437, 438. 
ackworth gear, ills., 342, 343, 344, 346. 

inside, 200. 

link motion, effect on, 323-325, 835. 

Marshall gear, 348. 

measurement, 436. 

ne^tive, 192, 193, 436. 

positive, ills., 436. 

variable, 194. 
Leffel engine, valve and valve gear, 252, 8(K^ 
Lentz poppet valve engine, valve gear, 251. 
Lidgerwciod hoisting engine, link motion, 323. 
"Line and line" nosition, ills., 190. 
Linear advance, uls., 206, 212, 238. 
Link motion, 317-338. 

Allen, ills., 334, 335. 

liink, ills., 336, 337, 338. 

Gooch, des., 318. 

independent cut off, ills., 328, 329. 

length, 332. 

marine engine, ills., 319, 320. 

Reeves, ills., 326. 

rods ooen and crossed, ilia.. 32 

SC * 

Si 

sl_. 

slip, def., 331. 

stationary, 332-334. 

suspension, ills., 330, 331. 

Williams, des., ills., 317. 
Loaded gpvemor, construction, 371. 
Locomotive, cross head, des., ills., 136* 

driving journal box, ills., 169. 

valve, setting, 460. 
gear, 360. 

Snk, illd., 321, 330. 
Walschaerts, 360. 
Logarithms, hyperboUc, 70, 71. 
Loose eccentric reversing gear, ills., 309-315. 
Lost motion, pump, valve gear, 429. 




McEwen engine governor, ills., 391. 
McGowan pump, valve gear, ills.. 431. 
Mcintosh & Seymour governor, flls., 396. 
Main bearings, 165-171. 
Marine engine, bearing, 171. 

connecting rod, ills., 144, 145. 

crank shaft, des., 164. 

cross head, ills., 132. 

eccentric rod, 235. 

piston, ills., 119. 
rod, ills., 124. 

triple expansion, Raabe, ills., 316. 

valve gear, link, 319, 320, 327, 328. 

reversing, loose eccentric, 312, 313. 
Marshall gear, ills., 348-352. 
Mean, effective pressure, 68. 

expected pressure, 76. 
MetaUic packing, ills., 110. 



VI 



INDEX OF GUIDE No, 1 



Meyer cut off gear, ills., 279-282, 286. 

Mia-adznission» ills., 289. 

Mcxlified slide valves, ills., 291-308. 

Moment of inertia, def., 172. 

Momentum, def., 171. 

Murray-Corliss engine, parts, ills., 99, 170. 



N 



Negative, lap, 189, 190. 210, 262, 275. 
lead, slide valve, object, 192, 193. 
Neutral position, slide valve, ills., 189, 202, 

216, 258, 265, 277, 278. 
Newcomen's engine, ills., 36, 87. 
Nominal horse power, def., 78. 
Non-condensing steam enjnne, def., 47. 
Nordberg automatic cut on gov., ills., 390. 







Open, link, ills., 327. 

lods, 822-324. 
Ordinates, def.^ 68, 59, 87. 
Outside admission, 262, 292. 
Over travel, cross head, ills., 138. 

slide valve, 180, 205, 206. 
Oxygen, atomic weight, 1. 



P 



Paddng, junk, ills., 114. 

metallic, ills., 110. 

ring, ills., 116. 
Parabola, equilateral, ills., 60, 61. 
Parabolic, governor, ills., 373, 374. 
Parallelogram of forces, des., ills., 151, 153. 
Passage, exhaust, ills., 104, 181, 294, 295. 
Pendulum governors, 365. 
Phoenix, connecting rod, ills., 144, 191. 
Pickering throttling governor, ills., 382. 
Pillow biocki^ and outboard bearings, 170, 172. 
Pin» crank, tils., 159. 
Piston, pump, ills., 413. 

area calculations, 80. 

box, ills., 117, 119. 

built up, ills., 118, 120, 123. 

classification, 112. 

cone, ills., 119, 120. 

movement, distortion, 155. 

rings, ills., 115. 

speed* 81. 

steam engine, 112-126. 

types, ills., 113, 114. 
Piston rod, 113, 121, 122-126. 

area, 90, 92. 

effect on power, 90. 
Piston valve, 293, 296. 



compotmd engine, ills., 297. 
double, admission, ills., 294, 295. 
inside admission, setting, 445. 
Reeves, ills., 298. 
setting, 444-446. 
Poppet valve, Lents gear, ilb., 251. 
Port, area and dimensions, 184, 185, 203, 211. 
exhaust, 104, 105, 180-182, 184,214, 215. 
locating, ills., 446. 
modified, ills., 209. 
opening, ills.. 183, 202. 

area and dimensions, 184, 211. 
average, caliper method, ills., 441. 
comparison, 204. 
equalizing, ills., 440, 441. 
extreme position, ills., 203. 
pre-release, 198, 199. 
passage, difference between, 182. 
Porter-Allen steam engine, ills., 135, 337. 
Potential energy, ills., 11. 
Pounds, def., 12. 
Pre-admission, 194, 195. 
Pre-release, 198, 200. 
Ptessure, atmospheric, 2, 13, 14. 

barometer readings, formula, 18-20. 
steam, absolute, 17, 61. 

actual mean effective, 73. 
back, ills., 68, 69. 
diagrams, 69, 70, 87. 
expected mean effective, def., 76* 
experiment, ills., 33, 34, 55. 
forward, ills., 68. 
gauge, expression, 17. 
initial, 64, 65. 
law, 54. 

mean effective, 68, 72, 73. 
terminal, 62, 67. 
Pressure plate valves, 302-308. 
Pron^ brake, ills., 03. 
Providence fly wheel, ills., 177. 
Pump, duplex, ills., 415. 

cross head center locating* 418, 419. 
irregularities in parts, 422. 
rocker arm, ills., 428. 
valve, main, ills., 416. 
seat, ills., 416. 
setting, 425-432. 
stem, lost motion, 429. 
tmvel, 416. 

Warren, setting, ills., 427. 
Worthington, ills., 418. 
Pump valve gears, 403-432. 
Blake, 411. 
Buffalo, ills., 405. 
Bumham, ills., 424. 
Cameron, Uls., 408. 
Davidson, ills., 410, 413. 
Deane, ills., 406. 
duplex, 415-432. 

Laidlaw-Dunn-Gordon, ills., 420. 
McGowan, ills., 431. 
Knowles, ills., 409. 
Smith-Vaile, Uls., 414. 
Snow, ills., 404. . 
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Kaabe triple upan. marine en^an, Slfl. 
Radial valve EeH9> WW Raveisingmlve ecoib. 
Radiation, but,, ilii., a. 
Ramabottom'a riTie^, ills-, 115. 



Reeves eneme, compound, ZflS, Z»9, 320. 
Rceve»-Ciibberly crou head, ills.. 138. 



Rocker, shsCt and levera, 231. 

arm, pump, duplex, ilia., 428. 
Rollinsengine.eranfcshafl, ills., 160. 
Runniog over and under, ills., 131. 
Russel eOBine, 217, 301, 317. 



Scales tempcTamre, uii., 
Scotch yoVe, ills,, 156, I-- 
Seat, valve, 180-183, 21S, 216, 413-450 
Seaton's valve stem foimula, 226. 
Self-oilina bearing, ills,, 170, 
Sensible Heat, def., 6, ills., 6, 30. 
Sequence o£ cranks, des., 164, 
Setting slide valve, 433-462. 
Shalt, crank, 156-196. 



Shaftt-T^DWiiKMt 

flanged, ill 



158. 



1^'," 



BiaMt 

ttrntthi 

Skinner engii 

Slide valve, 1 

admission, ivo, 
calculation!, 21] 



.ifls., E. .. 
ntric, 24&-24g, 251, 252. 
.,318, 327. 

-■- -"Una Bbvereor, ills,, 883 
in Beuina, itla., 168. 



construction, lSO-183, IBS. 
cut off, 167, 198, 207. 
defects, SI 8-224. 

dimenuons, 217. 
gear. 225-242. 
bp, IgS-lfil, 210, 212. 
layuur out. 214-216. 
leBd^ei-104, 208. 
linear advaoce, S06, 212. 
modified, 3fiI-30B. 
operation, defect, 186. 
parts, 130-133, 136. 
ports, 183-202-205. 
Iire.admissian, IBS. 

-- ■ !, lis. 



J, 199, 2t. 

Bteam distribution, 179. 

tmvel, 20S, 206, 212, 220. 

variaMt ciK off, 243-200. 
early, 254-258. 
gear. Bidet, ills,, 2S0, 
Gonienbach valve, 25 
independent, 253. 



niitmcr eccentric, :eva-4Vi, lai, xo^i. 
Hingins eccentric, ills., 248-m. 
le pump, valve gear, ills,, 414. 
>, ills., lis, lie. 
- - live gear, ills., 404. 



Specifu, gra 

Speed, conCnJ, steam engine, 41 
ranger, ban, ills., 3827 
regulator, Gardner, ills., 3t 
tangential, def., 154. 

Standam atmosphere, 19. 



auperbeaCcd, def., 24, 4S 
tables, use, 33, 3S, 44. 



■MP 



VIII 



INDEX OF GUIDE No, 1 



StMun eni^n*, — Continued 
Atlas, ills.f 54. 

atmosphenc. Newcomen's, ills., 36. 
automatic, 187, 243. 
back i>ressure, ills., 68, def., 69. 
balancinj; cylinder, ills., 300. 
basic principles, 1-46. 
bearings, see Bearings, 
belt, power transmitted, rule 176. 
brakeis) , horse power, formula, 04. 

ills., 99, 142, 143, 230. 
Bremme gear, forward motion, 853. 
Buffalo, Ills., 83. 
chest, ills., 181. 
calculations, 98, 99, 100, 101. 
classes, 47. 

compound. Reeves, ills., 299. 
compression, ills., 200, 202. 
condensation, initial, 196. 
condensing, 47. 
connecting rod, ills., 141-156. 

angtuarity, 134, 190. 
Corliss, connecting rod, ills., 141. 

fly wheel, ills., 174, 175. 

gibs, ills., 132. 

mdicator card, 76. 

Murray, outboard bearing, 170. 

parts of, ills., 99. 
counter-weijgnt, 160. 
crank, see Crank, 
li^ross head, see Cross head, 
cut off, see Cut off. 
cylinder, see Cylinder, 
dead center, 151. 434, 435. 
diagranh see Indicator diagram. 

factor, illsj, 74-77. 
eccentric* see Eo:entric. 
efficiency calculations, 55-102. 
exhaust, see Exhaust, 
expansion, see Expansion, 
fly wheel. 48-50, m, 171-178, 249. 
gauge* ills.* 16-18. 
gear, see Valve gears, 
gibs, 127* 137-148. 
governor, see Governor, 
guide, 136, 229. 

gudseon. 150. 
ead end, 90. 
high speed, 96, 184. 
hoisting, 823. 
horizontal, parts, ills., 48. 
horse power, see Horse power. 
Houston, Stanwood & Gamble, ills., 57, 

126,187. 
indicator card, see Indicator card, 
initial pressure, diag., 64. 
lap, see Lap. 
lead, see Lead. 

Lidgerwood hoisting, ills., 323. 
locomotive cross head, ills.* 136. 
marine, guides, ills., 133. 

valve gear, 312, 313, 316, 319, 353. 
mean effective pressure^ 68. 72, 73. 
Murray Corliss, parts, ills., 99. 
Newcomen, 37. 
non-condensing, 47. 



Steam Bn^n;-— Continued 

operation, 47, 49. 

packing ring, ills., 116. 

parts* 103-178. 

piston* see Piston. 

port* see Port. 

pressure* expected mean effective, 76. 

messure plate valve, ills.* 302-306. 

Prony brake, ills., 93. 

radial gear, ills.,, 339-352. 

RamsTOttom's rings* ills.* 115. 

reciprocating parts, ills.* 50. 

regulator* speed* Gardner, ills., 385. 

reversing gear, see Reversing valve gear* 

riling cut off* see Riding cut off. 

rods* opea and crossed, ills., 322, 325. 

rope bntlce* ills.. 95. 

rotating pejrts* ills., 50. 

"rotative," 49. 

running, over and tmder, 131. 

Scotch yoke* def.* 155, 156. 

shaft, see Snaft. 

speed, control, 386, 399, 401. 
regulator, ills., 385, 

stationary^ parts, ills.* 50. 
shaft* ills.* 157. 

steam chest* ilte., 181. 

stuffing box, def., 109. 

tangential velocity* 174. 

throttling* 243. 

valve gear, see Valve gear. 

variabliB cut off. 243-2iEK>. 
Stem, valve* see Vuve stem. 
Stephenson's link motion, ills., 317-320. 
Strap, eccentric, 226, 229, 234-236, 239-'342. 
Stroke, choice of, 98. 
Stuffing box* 109-111. 
Sturtevant connecting rod, ills., 150. 
Superheated steam, 2i, 45* 46. 
Sweet pressure plate valve, ills., 303, 304. 
Swing center, offsetting object, 251. 
Swinging eccentric, ofi^t, ills., 250, 351 

variable cut off^ principle* 248. 
Syphon, operation, ms., 3. 



T 



Tangent, 152. 
Tangential, speed, 154. 

velocity, 174. 
Taper flange bolt, crank shaft, ills.* 164. 
Temperature* def., 5. 

absolute, 21. 

fusion* 27. 

scales, ills.* 19* 20. 
Terminal pressure* 62, 65, 66, 67. 
Theoretical* card, steam engine, 61, 62, 74. 

mean, effective pressure, 69* 76. 
forward pressure, 68. 
Thermal tmit, British* def., 8. 
Throttle valve, ills.. 57, 99* 383. 
Throttling engine, def* 243. 

governors, 381-388. 
Gardner* ills., 384. 
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Throttling enir'ney gaomrnorM,— Continued 

Moosier, il]s.» 382. 

Judson* partSy ills., 380. 

Fickering, ills.f 382. 

regulating mechanism, ills., 388. 

Sinker-Davis, ills., 382. 
lliiowy eccentrict 236, 245. 
Tram, ills-, 434, 
Travel, valve, 204-205. 

. half, ills., 202. 
Triple expansion marine engine, Raabe, 316. 
Troy steam engine, ills., 96. 
Turning, effect, steam engine, 173. 

force, 152, 153. 
Twin City Corliss, parts, 132, 148. 



U 



Unit, heat, 8, 10. 
ix>wer, 1-2. 

thermal, British, def., 8« 
work, 10, 78. 



V 



ValveCs), 51, 179. 

admissionp 195, 196. 

double ported. Reeves, ills., 299. 

maximum, Allen, ills., 209. 

position, ills, 197. 
Allen, ills.. 208, 294. 
angular advance, ills., 441-445. 
Armington and Sims, principles, 295. 
auxiliary, pump, ills., 413. 

Houston, Stanwood & Gamble, 188. 

Richardson, ills., 291. 
Ball, ills., 307. 
Bilgram diagram, ills., 213. 
bonnet, ills., 99. 
battens, ills., 448-450. 
Brownell, ills., 185. 
chest, ills., 105. 
constant lead. 193. 
cut off, see Cut off. 
defects, ills., 218-224. 
design, 210-217. 
dimensions, 211-217, 448, 450. 
double, admission, def., 295. 

ported, ills., 295, 300, 301. 
early cut on, 20/. 
edge, steam, ills., 262, 265. 
equal lead, 194. 
exhaust, see Exhaust, 
face, length, 214. 
gear, 225-242. 

Allen, 335. 

Bremme, des., ills., 352-355. 
marine engine, ills., 353. 
Meyer, ills., 279, 282. 
Rider, ills., 259. 

Gonzenbach, 259. 

Hackworth, ills., 340-348. 
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independent cut off, 260. 

indirect, 232, 233. 

Joy, ills., 355-359. 

Lentz, engine^ ills., 251« 

link motions, ills., 317-338. 

marine engine, Bremme gear, 353. 
reversing eccentric,^12, 313. ' 
single cylinder, ills., 319. 
triple expan., Raabe, ills., 316. 

Marshall, 348-353. 

parts, 225. 

poppet valve engine, ills., 251. 

pump,^ see Pump valve gears. 

reversing, see Reversing valve gears. 
Giddings, ills.. 301. 
Gonzenbach, ills., 257-261. 
inside, admission, setting ills., 444-446. 

lap, 189-191. 
lap, see Lap. 
laths, ills , 448-450. 
laying out, ills., 214-217. 
location^ ills., 50, 104. 
main, ills.., 262, 265, 266, 268, 269, 270. 
maximum, eccentricity, ills., 203. 
modified, 291-308. 
over travel, def., 205, 206. 
parts, ills., 180-186. 
passage, supplementary, 209, . 
Phoenix, ills., 191. 
piston, 293. 

balanced, ills., 296. 

double, admission, illr., 294. 
ported,' ills., 295. 

inside admission, setting, 445. 
locomotive, ills., 296. 

Reeves, ills., 298. 

setting, 444, 446. 

Vauclam, ills., 296. 
port, see Port. 
positions, admission, ills., 195-197, 215. 

compression, ills., 200, 201. 

cut off, see Cut off. 

during one stroke, ill ., 52, 53. 

exhaust, 180, 188, 193, 216, 301. 

extreme, 202, 203, 204, 215, 216 
265, 280. 

late cut off, ills., 289. 

lead, ills.,, 192-194, 208. 

line and line, ills., 190, 191. 

mid-admission, ills., 289. 

negative, lead^ 192, 193. 
I)ositive and negative lead, ills., 436. 
I)re-admission, 194, 195. 
pre-release, 198, 200. 
pressure plate, 302-308. 
pump, 403-432. 
release, 199, 200. 
requirements, 179. 
seat, 180-183. 

battens, 448-450. , 

dimensions, recording, 448-450. 

formula, 216. ^ 

length, balancing, 183. 

limit, 215. , 

neutral i)osition, 216. 
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setting^ ills., 433-462. 

emergency rules, 446-447. 

pump, 404, 407, 409, 412, 421, 423, 

• 425^ 427. 
with indicator, des., ills., 460-462. 
sixe required, various cut offs, ills., 222. 
sUam, edge, ills., 182, 262, 265. 

port, &ee Port. 
stem, 104, 105, 226. 

connection, 227, 228, 230, 231, 234. 
templates, ills., 426. 
travel, 180, 202, 204, 205. 
variable lead, 104. 
sero cut off, 288. 
Vaporization, 23, 28. 
Variable cut off, 243-290. 
independent, 253. 
offset swinging eccentric, 261« 
regulating mechanism, 389. 
rimn^ valve, methods, 263. 
shif tmg eccentric, 246-248. 
swing center, offsetting, 251. 
swinging eccentric, 248-251. 

offset, 251. 
Gonzenbach, 257-262. 
Vauclain piston valve, ills., 296* 
Vilter, rope wheel, iUs., 178. 

types, ills., 173. 
Vim direct valve gear, ills., 283. 

W 

Walschaerts gear, ills., 360-362. 

Warren pump, valve gear, settini^ ills., 427. 



Water, absolute sero, 35. i 

boiling point, 2, 28, 34. 

properties, 1, 2, 3, 4, 12, 27, 28. 

re-evaporation, 35. 

static head, meaning, 4. 

temperature, 12, 27, 28, 34, 35. 

U. D. gallon, weight, 4. 

vaporizatum, temperature, 28. 
Waters throttling governor, reg. mech., 888< 
Watertown engine^ crank shaft, ills., 162. 
Watt, James, engine, 37. 
Wedges, to measure lead, ills., 436. 
Wei^t, atomic, 1. 

Westinghouse connecting rod, iUs., 150. 
Wet steam, def., 24. 
Whitney hot wire instrument, iUs., 7. 
Williams Unk, des., ills., 317. 
Wire drawing, 183. 

Woodbury pressure plate valve, iUs., 305. 
Work, units, 8, 0, 10, 25, 78, 153. 
Worthington duplex pump, ills., 418. 
Wrist pin, compression, ills., 130. 

various, 127, 128, 129, ISO, 145. 



Y 



Yoke, valve gear, 225, 226, 227* 



Z 



Zero, absolute, def., 21, 35« 
over travel, ills., 276. 



A Progressibe, Illtulrated Series viith Questions, Anstners and Caietdatkms 

covering Modern Engineering Practice, SPECIALLY prepared for aiiEnpn- 

»eers,au Meckantcs.allEkclricians, and as. a practical course cf study for ail 

. students and reference for inslrvclors in 'every branch oj the Engineering 

professions. By Frank D. Graham, B.S., M.S., M.E. 

Englnmr^ arul Mechanic^ Guida So. 1, pries tl.50 — contains 4T0 pages— S4T illtu- 

Itratioos covering fully the Theory, Practice snd Qpaation of all Steam Eoginea — all 
Valv« Motoiu — Valve Setting, with complete and practical information on all tba 
various eneinea and putnpa^ 

Englnaer^ and Mechanic^ Outda No, 2, price •1.50— contaiiu 500. 



2 



onica' Oufito No, I, price (1.50— contaiiu 500 pages— 097 illu»- 
ito 23 chapters. Elarting with the CORUSS ENGINE tiXiA coveiing 
ctian and Oficraliim of all Sleam En^na, indiidimg VNIFLOW, 



IbBTktary, Constnulior. „ 

and POPPET VALVE ENGINES, LOCOMOBILES. 



Enitnmwr^ and Mectvmic^ Guide No. M, price tl.50— contBiaaSTSpaiRi — 703 iUus- 
^.■xtfationa covering fuUr tbe Lotomotlee—lUarlnm Enalnee — TttrbtneeSotarf 
\2 Engines— the IndicBtoi^-Lubricanta and LubricatioM PRACTICAL MANAGE- 
J MENT— Imtructioiii on how to uM the Indicatot. 
Engtnetr^ and Machanlaf Gulda, No. 4,ppcs (l.SO — contains 475 «cea— 040 illus- 

4tration9 coTeriiw fuUr GAS, GASOLINE, OIL, SEMI' and FVLL DIESEL EN- 
GINBS—Airo^aiia md A<^liott—aOW rO SELECT AN HlfOHTO-Complete 
workinB imtructoni and drawinci on STEAM ENGINE DESIGN, including niles 

Engineer^ aiul MtebaiUct' Guide No. 5. price tl^fiO — contains S2S pu»— 765 illus- 

Strationa covering fully the Tkeorg and Conetraetlan et all Ivpaof Steam Boilere 
iiududing: Heat — Combustion — Fuel and Flua Gaa Analysis — COi recoid ar a Char- 
BCteristks of Boilers — Materiali— CiwUiKlion t^ alt typa of Boiltri. OATBST 
PRACTICE.) 
EnolRSar*' and Machanlci' Guide No. 6, pries 11.50 — contains 575 pages — 000 illus- 
trations covering fully Bailer Conitructhn — Mechanical Stokers— O^ B UR NERS 

6— Settings— Chimneys— Mechanical Draught— HOW TO SELECT A BOILER— 
Comnleta instructions and drawines on^OlLER DESIGN based on A.S.M.E. 
BOILER COO£— OPERATION, mcludine installation, FIRING, can and repair 
of Stea m Boilers. 

md Machanlci' Guide No. 7, price »1 .50— conUins 650 pages— 1.071 illus- 
covcring fully Pipes. Filtinaa and Pipe Fitting— iTeaHns oi«iV«nHla(fciB— 
ition--^oo]ing Towws-— Condensers — DistilUn^ Apparatu»'-£laTaton — 
nd Hoisting Machinery — Ropes and Cables — Splicing, etc. 
ind Mechania- Guide No. S. price W. 00— contains 1.000 paHes— 2,648 
ions. This is the latest, complete handbook on electric winng in all branchea 
mpendium of practical electrical engineering as an aiJ for etiiiitiirs and tl€c- 
IH cilaining a licenit — 57 chapleis— ready reference mdei — pocket tiie — a 



ioFM' 



field of Modem Elecl 



Price $12 



for the complete series post paid, or sup- 
plied separaldy--eight numbers— JUxibie 
pocket site— 147 chapters— 4,M0 pages 
— 5,750 illuslralions — numerous tables 
■ — complete ready reference indexes. 
Satisftictton guaranteed, 



THEO. AUDEL & CO., PabliJiert, ?f l'^Y*Sn 



A1DAaai7D15 





B89088897095A 



